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BEST FOR YOU - 
IT'S MOST VERSATILE 

lerifte 
MODEL 850 

ELECTRONIC 

VOL1OHMMETER 
U ES UNL IT ID: 
Field Engineers Application Engineers r cal, 
Radio, TV, and Appliance Servicemen Electrical 
Contractors Factory Maintenance Men Industrial 
Electronic Maintenance Technicians Home Owners, 
Hobbyists 

I r 

.5 D.C. volt 
range for transistor circuits. 

High Input Impedance (11 MEGOHMS) and wide Frequency Ranges give this extremely 
versatile Electronic Volt -Ohmmeter considerable advantage in the measurement of 
DC voltages, AC RMS and Peak -to -Peak voltages. It measures directly the Peak -to - 
Peak values of high -frequency complex wave forms and RMS values of sine waves on 
separate scales. Exclusive Triplett BAR -RING instrument is fully self -shielded; high 
flux magnet and spring -backed jewels for ruggedness. Wired circuit. 
ADDED PROTECTION. Meter is shorted out in OFF position for greater damping, 
meter safety during transit, electrically protected against accidental overload. ZERO 
CENTER mark for FM discriminator alignment, plus other galvanometer measurements. 

New pencil thin test probe used for all functions: DC, AC, and ohms. No need to 
change cables. Beautifully styled case for professional appearance and functional 
utility, 7%" x 67/16" x 333/4. 

Carrying handle can be used as a tester stand to place the tester at 25° angle for ease 
in reading. 

Frequencies to 250 MC may be measured with auxiliary Diode. Probe $8.50 extra. DC voltages to 50 
KV may be measured with auxiliary High Voltage Probe, $24.00 extra. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

3 
HIGH STABILITY. 
Meter connected in cathode 
circuit of 12 AU7. 

CARRYING CASE 
Case 859-OP-Black leather 
Padded Carrying Case. $22.00 Net 

RANGES 
8 DC VOLTS 
RANGES 0-.5-1.5-5-15-50-150-500-1500 

7 AC RMS VOLTS 
RANGES 0-1.5-5-15-50-150-500-1500 

7 PEAK -TO -PEAK 
VOLTS RANGES 0-4-14-40-140-400-1400-4000 

7 RESISTANCE 
RANGES 

0-1000-10,000-100,000 OHMS; 
1-10-100-1000 MEGOHMS. 

FREQUENCY RANGE 15 CPS to 3MC; (Up to 250 
MC with accessory diode probe available extra.) 

INPUT IMPEDANCE DC Volts 11 Megohms; 
AC Volts minimum of .83 Megohms. 

630 6346 

- 

630111 631 
310.0 

M 
800 6666 

THE WORLD'S MOST COMPLETE LINE OF V -0 -M'S. AVAILABLE FROM YOUR TRIPLETT,DISTRIBUTOR'S STOCK. 
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NOW 145 
RADIO SHACKS._ 

COAST TO COAS 

ARIZONA - Phoenix 
ARKANSAS - Little Rock 
CALIFORNIA Anaheim, 

Bakersfield, Covina, Downey, 
Garden Grove, Inglewood, 
La Habra, Long Beach, 
Los Angeles, Mission Hills, 
Mountain View, Oakland, 
Pasadena, Pomona, Reseda, 
Sacramento, San Bruno, 
San Diego, San Francisco, 
Santa Ana, Santa Monica, 
Torrance, West Covina 

COLORADO - Denver 
CONNECTICUT- Hamden, 

Manchester, New Haven, 
New London, Orange, 
Stamford, West Hartford 

FLORIDA - Orlando 
GEORGIA - Atlanta 
ILLINOIS - Chicago 
KANSAS - Wichita 
LOUISIANA- New Orleans 
MAINE-Portland 
MARYLAND - Langley Park 
MASSACHUSETTS - Boston, 

Braintree, Brockton, Brookline, 
Cambridge, Framingham, 
Lowell, Medford, Natick, 
Quincy, Saugus, Springfield, 
Waltham, West Springfield, 
Worcester 

MICHIGAN - Detroit 
MINNESOTA - Minneapolis, 

St. Paul 
MISSOURI - Kansas City, 

St. Joseph, St. Louis 
NEBRASKA - Omaha 
NEW HAMPSHIRE- 

Manchester 
NEW JERSEY- Pennsauken 
NEW MEXICO -Albuquerque 
NEW YORK-Albany, 

Binghamton, Buffalo, New 
York, Schenectady, Syracuse 

OHIO-Cincinnati, Cleveland 
OKLAHOMA - Oklahoma City, 

Tulsa 
OREGON - Portland 
PENNSYLVANIA - 

Philadelphia, Pittsburgh 
RHODE ISLAND-Providence, 

East Providence 
TENNESSEE - Memphis, 

Nashville 
TEXAS -Abilene, Arlington, 

Austin, Brownsville, Corpus 
Christi, Dallas, Fort Worth, 
Houston, Lubbock, Midland, 
San Antonio, Sherman, Waco 

UTAH - Salt Lake City 
VIRGINIA-Arlington, Virginia 

Beach 
WASHINGTON - Seattle 

GET A FULL 
YEAR OF BIG, 
VALUE -PACKED 
RADIO SHACK 
CATALOGS 
FREE! 

get Radio $hac catalogs for 

100's 01 bargains like these 
Special! - i .istic RF Signal Generator! 

OUR REGULAR 

NOW ONLY 

1 
95 

Factory 
Wired 

6 -Band Coverage from 120 KC to 260 MC! Factory Calibrated! 
Perfect for most service and test purposes; IF/RF 
alignments, audio signal tracing in FM, AM, TV 
equipment, etc. Has 41/2" etched dial with vernier 
tuning; RF attenuation; high/low RF output termi- 
nals. Built-in audio oscillator operates at 400 cps 

with output adjustable to 8V. Use as a marker gen- 
erator just by adding a sweep generator! Tube com- 
plement: I-12BH7, I-6AR5, I silicon rectifier. 
Comes complete with test leads, case, instructions. 
7x101/2x5/2". #22-040 

r'AI 50,000 Ohms/Volt 

26 -Range Multitester 

Big 4" Meter with Mirrored Scale! 95 Uses 1% Precision Resistors! 
Ideal for Radio/TV Servicemen Factory 
and Electronics Hobbyists! Wired 

Accuracy, versatility and value -plus! 2 -color meter scale; jeweled movement. 
DCV: 0-0.5-2.5-10-50-250-500-I000V at '50,000 12/V. ACV: 0-2.5-10- 
50-250-IODOV at 12,500 12/V. DC current: 25µa-2.5-25ma-1-10 amps. DC re- 
sistance: R x 1 / 10/ I00/ 1000. Center reading scale: 90/900/9000/90,000 
ohms. DB: -20 to +64 in 5 ranges. With batteries, test leads, instructions. 
7"H x 51/4"VJ s 21/2"D. #22-150 

MAIL TO NEAREST RADIO SHACK 

i 

Please rush my free 1967 Radio Shack catalog by return mail and 
send subsequent flyers and bargain bulletins as they are issued. 

Also, send me the item(s) checked below. I enclose $ 
plus 50¢ for handling and postage anywhere in the U.S.A. 

#22-040 Signal Generator D #22-150 Multitester 

Name 

Street 

City State Zip 
SUBSIDIARY OF TA.NDY CORPORATION Dent. No. PU J 

e Circle 7 on reader's service card Circle 8 on reader's service card 
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FROM THE EDITOR 

The Hands That Feed ETV 

Tlie electronics industry is full of topics for heated 
discussion these days. One lively subject is educa- 

tional television (ETV). Almost everyone agrees it 

has endless possibilities, but no one has decided yet 

how to support this academic orphan. After financing 

comes the question of what needs ETV can fulfill. 

Academic, certainly; cultural, hopefully; social, neces- 
sarily; and possibly even entertainment. But there are 

opportunities beyond the obvious. 
Educational TV is inescapably tied to electronics. 

Electronics -trained engineers and technicians operate 
and maintain the studio, transmitting, and relaying 
equipment. Service technicians keep the receivers, dis- 

tribution systems, and monitors working in home and 
school. Degree engineers plan, design, and oversee the 

manufacture of both transmitting and receiving equip- 
ment and of the test instruments used to maintain 
them. Without electronics, and engineers and techni- 
cians trained in electronics, educational television 
couldn't even exist. 

One consideration, then, that should be a part of 

all ETV planning is how to develop and keep an ade- 

quate force of competent engineers and technicians 
-enough hands to keep the knobs turned and the 

joints soldered and the picture tubes glowing. Without 
these skilled professional hands, ETV's existence will 

be less than easy-no matter how thorough the financ- 

ing. Unless transmitters function, there's no signal. 

Unless TV sets at home and school are working, there's 
no use for a signal; who'd watch it? 

Educational TV hasn't devoted much apparent 
planning to this portion of the academic job. There are 
three important educational services that ETV is pe- 
culiarly well equipped to offer. In their own interests, 
ETV -industry leaders should look into these services 
seriously. 

The first is consumer education-teaching own- 

ers of. TV sets and other home electronic devices how 

to care for them and how to find good service when 

trouble pops up. Some inept "exposé" programs recent- 
ly have contributed more confusion than help (because 

of technical inaccuracy and misleadingly incomplete 

reporting). What set -owners need are a few accurate 

and constructive programs. So far, I've neither seen 

nor heard of a program that shows .a TV owner how 

to find a competent technician; instead, they try to 

show how to avoid frauds, and they haven't even ac- 

complished that. If the ETV industry wants to see 

consumer and school receivers kept in top operating 
order, it's time to start using the same teaching tactics 
used for other subjects. Scare tactics are doing more 
damage than good. 

The second important service open to educational 
television is a form of adult education. Technicians 
and engineers can be trained and upgraded by tele- 
vised instruction. The shortage of technicians is so 

acute that not even the efforts of technical schools, 
high-school and college vocational classes, manufac- 
turers' training sessions, and distributors' servicing 
clinics can produce as many skilled professional ex- 

perts as are needed by ETV and the entire telecasting 
complex-transmitting and receiving. Only a mass 
medium can approach the job adequately, and ETV 
will be such a medium. 

A helpful side effect from public airing of this 

kind of technical instruction on TV: Whoever of the 

TV public is interested can see the degree of training 

needed by a competent engineer or technician and 

could develop new respect for the individual so trained. 
Also, enough knowledge might rub off to develop a 

better -informed public, to the everlasting benefit of 

both the electronics industry and the consumer. 
The third service ETV could perform is allied to 

the second. Programs could be designed and produced 
to attract young people to electronics careers. The en- 

gineers and technicians of the future are in school 

today. Besides offering actual. training, ETV could 

build a better image of electronics as a field with pro- 
fessional stature instead of scaring students away from 

an "undesirable trade." 
Educational TV has these obligations to the view- 

ing public and to its own well-being. Much damage has 

been done already to the field of electronics through 

misapplied efforts to "clean up" the servicing industry, 

efforts publicized nationally by network and educa- 

tional. TV. The ends of both the consumer and the 

television industry can be better served by a sensible 

plan of education. 
The hands that feed ETV are those of electronics 

engineers and technicians. They've been bitten severe- 

ly. A serious education plan may be the salve to heal 

those wounds and attract enough future hands to give 

educational television the success it should deserve. 
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ANTENNA FEATURE 

p 36-ln weak -signal areas, 
a preamplifier at the TV 
or FM antenna can keep 
out much noise and deliver 
clean picture and sound. 
Several types of booster 
are available; learn to 
pick the right one for 
your location. 

LIGHTNING BOLTS 

p 40-A\nun ,tatic duÍiaigcs 
occur in the atmosphere, 
strange things happen. 
Sometimes fireballs are 
created, bouncing around 
the sky at tremendous 
speeds. Do they have 
anything to do with UFO's? 

ABÇ 
to 
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NEWS BRIEFS 
PACIFIC SATELLITE 

IN REGULAR SERVICE 

Commercial telephone ( from 
AT&T) and commercial television 
service (from ITT and NBC) from the 
continental US to Hawaii and Japan 
via transpacific satellite began late in 
January. The Communications Satel- 

lite Corp.'s second launch in its In- 
telsat II program achieved synchro- 
nous orbit and hovered about halfway 
between North America and Australia. 
The satellite-known colloquially as 
Lani, Hawaiian for bird-furnishes 6 
voice circuits into Hawaii and 30 chan- 
nels into Japan. Photo shows the "bird" 
before it left the nest. It was built for 
COMSAT by Hughes Aircraft Co. 

(For more on this subject, be sure 
to read "COMSAT: Communication in 
the Space Age," in next month's 
R :\ I) I O -ELECTRONICS. ) 

ARE YOUR LIGHTS ON? 

A motorist whose taillights are 
out is a hazard to himself and every 
other driver on the road. How to be 
sure you've still got some red showing 
unless you stop and get out of the car? 
Maybe a dash -mounted pilot lamp- 
except that the pilot could burn out 
apart from the taillight, which would 
be a nuisance. 

Fiber optics has furnished a solu- 
tion to the problem. Glass fibers that 

carry light the way a pipe carries wa- 
ter are the heart of the new system. 
A bundle of 30 glass fibers-each as 
thick as a human hair-is routed from 
each lamp in a car to the dash. Light 
travels along the fibers and produces 
a small pip on the dashboard monitor 
panel. Completely passive, the fiber 
bundle can't burn out. Whenever a 
headlight, parking light or taillight is 
on. the driver knows it. What's more 
important, he knows when they're not 
on and should be. 

The system was introduced at the 
January meeting of the Society of 
Automotive Engineers by its developer. 
Mosaic Fabrications (subsidiary of 
Bendix Corp.) . 

SORRY, TIME'S UPI 

Sometimes it seems like teenagers 
never get off the phone. Then there's 
the problem of employees who place 
personal calls on business telephones 
during working hours. 

Now comes a solid-state device 
that limits phone conversations- to a 
preset interval. The Call Limiter 
(trademark of Pulse Communications, 
Inc.) starts timing when a call begins. 
After 5 to 10 minutes of conversation 
(interval adjustable), a warning tone 
-1 to 3 seconds in duration-comes on 
the line. If the parties don't hang up, 

2 or 3 minutes later the Call Limiter 
adds a continuous tone to the line, 
making any further conversation im- 
possible. 

The device is already being used 
in military and certain industrial ap- 
plications. Once FCC tariff approval is 

given, the Call Limiter will be avail- 
able to private telephone subscribers. 

ALUMINUM OR COPPER? 

Due to the present copper short- 
age, and the resultant price increase 
in copper conductors, aluminum wire 
is being used in many applications. 
Reynolds Metals Co. recently received 
an order for 70 miles of aluminum con- 
ductors for the Forrestal Building, 
now under construction for the De- 
partment of Defense. The Washington 
Hilton is also wired with this metal. 

Aluminum seems a good substi- 
tute for copper in many noncritical ap- 
plications. Possibly the only disad- 
vantage is that aluminum has slightly 
higher resistance than copper-a ratio 
of about 1.7 to 1. 

TECHNICIAN TRAINING GROWS 

To meet the demand for electron- 
ics service technicians, the National 
Electronic Associations, Inc., some 
time ago began an apprenticeship 
training project. The program was re - 
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50,000 
Men Who 

Filled Out 

DeVRY TECH 

COUPONS 

InBMA -- - - tiNMM- --- 
DtVRV IIISTITUTE or TECHf1OLOGY 
4141 Belmont Ave., Chicago, III. 60641, Dept. RE -4-X 

Please give me your two free booklets, "Pocket Guide to Real 
Earnings" and "Electronics in Space Travel"; also include details 
on how to prepare for a career in Electronics. I am interested in 
the following opportunity fields (check one or more): 

L 

r 

1 
-1 

Space & Missile Electronics 
Television & Radio 
Microwaves 
Automation Electronics 
Radar 

NAME_ 

n 
.r. i 

n 
Li 

Communications 
Computers 
Industrial Electronics 
Broadcasting 
Electronic Control 

AGE_ 

ADDRESS APT 

CITY 7ONE _.STATE_ 

J Check here if you are under 16 years of age. 
HOME STUDY AND RESIDENT SCHOOL TRAONING 

2096 AVAILABLE IN CANADA 

During The Past 36 Years, 

Earned Diplomas As Qualified 

Electronics Technicians 

How about you? found a DeVry Coupon to be a start toward 
a new, wonderful world a world with money in -the -pocket, job -progress, 
and a real future - How about you? For many of those men were once like 

you: looking for a good field to get into, or an escape from a get -nowhere, 

low-income job. Some of them had no previous technical experience or ad 
vanced education; others didn't realize they had a talent for electronics! 
They were astonished, that after completing a few of the interesting experi- 

ments and assignments, how simple it all seemed and how interesting. 
(Some tell us they hated to leave their desks to go to bed!) For DeVry Tech 

teaches by showing; you learn by doing. Maybe rou can come to one of our 2 

modernly -equipped resident schools, maybe you'll find it convenient to keep 

your present job and prepare at home. Thousands of our graduates did one 

or the other; all had the ambition to go through with it. How about you? 

Mail the coupon for details. 
ACCREDITED ME ,. R OF NA .,,+,SAL HOME STUDY C 

óo ".t-, 
_ 

-;% 

5,000 FIRMS HAVE 
EMPLOYED DeVRY 

GRADUATES 
Nearly every induttre using elec 
tronics in many aapiications, em 

ploys DeVry trained men. 

2,200 RESIDENT 
STUDENTS 

Men 18-45, come to cur Chicago or 

Toronto training labcratories, day- 

time or after work, to prepare for 
a job in electronic>. 

EMPLOYMENT SERVICE 
Many graduates who started by 

clipping our coupon are now on the 
jobs we helped them get; many 
consult us regularly on technical 
problems. They are DeVry men' 
Clip that coupon and join them. 

DEVRY IIISTITUTE of TECHfIOLOGY CHICAGO CANADA 
Cn cic 4 on reader's service curd 
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Complete 

TUNER 
REPAIR 

Includes 
ALL parts 
(except tubes)... 

tom ALL labor on 

ALL makes for 
'1 complete 

t overhaul. 

FAST, DEPENDABLE SERVICE 

with FULL YEAR WARRANTY 
Sarkes Tarzian, Inc., largest manufacturer of TV 
and FM tuners, offers unexcelled tuner overhaul 
and factory -supervised repair service. 

Most Tarzian-made tuners received one day 
will be repaired and shipped out the next. More 
time may be required on other makes. Every 

channel checked and realigned per original 
specs. And, you get a full, 12 -month guarantee 
against defective workmanship and parts failure 
due to normal usage. Cost, including labor and 

parts (except tubes) is only $9.50 and $15 for 
UV combinations. Replacements at low cost are 
available on tuners beyond practical repair. 

Always send TV make, chassis and Model 
number with faulty tuner. Check with your local 
distributor for Sarkes Tarzian replacement tun- 
ers, parts or repair service. Or, use the address 
nearest you for fast, factory -supervised repair 
service. 

TUNER SERVICE CORPORATION 

(Factory -supervised tuner service 
authorized by Sarkes Tarzian) 

MIDWEST -817 N. Pennsylvania St. 
Indianapolis, Ind. Box 1642 

Tel: 317-632-3493 

EAST -547-49 Tonnele Ave., 
Jersey City, New Jersey 

Tel: 201-792-3730 

SOUTH -EAST -938 Gordon St., S.W., 
Atlanta, Georgia 

Tel: 404-758-2232 

WEST-SARKES TARZIAN, Inc. 
Tuner Service Division 

10654 Magnolia Blvd., N. Hollywood, Calif. 
Tel: 213-769-2720 

NEWS BRIEFS continued 

cently expanded and extended when 
the Dept. of Labor awarded a new 
contract to NEA. Cities where the 
project is now functioning include De- 
troit, Akron, Des Moines and Indian- 
apolis. New divisions are being set up 
in Louisville, Wichita, Hartford, South 
Bend and Evansville (Indiana), and 
Columbus (Ohio). 

The usual arrangement is for the 
apprentice to take 16 weeks of class- 
room study followed by 16 weeks of 
on-the-job training. The complete pro- 
gram covers a 4 -year period. 

WALKIE-TALKIE 

RULE CHANGE 

The Federal Communications 
Commission is thinking of changing its 
regulations pertaining to license -free 
low -power transceivers operating in 
the 27 -MHz Citizens band. These de- 
vices, which operate under Part 15 of 
FCC rules, are limited to 100 mW of 
power and may be operated by a per- 
son of any age. The Commission pro- 
poses to relocate such transceivers to a 
band in the 49 -MHz region. 

One reason for the change may 
he the recent wave of complaints from 
CB'ers about interference from chil- 
dren using walkie-talkies. CB stations 
(which are covered by Part 95 of the 
rules) must be licensed and such li- 
censes may be granted only to a person 
18 years or older. These stations must 
meet more rigid technical criteria than 
the Part -15 flea -power rigs. 

If the walkie-talkies were shifted 
to 49 -MHz, they'd have the band to 
themselves. Moreover, they wouldn't 
interfere with CB stations. 

CORRECTION 

There is a typographical error in 
the type number given for transistors 
Q I and Q2 in the parts list and Fig. 3 

of the article "Solid -State C -D Igni- 
tion Under $25" in the February issue. 
The correct type number for Q1 and 
Q2 is 2N3614. You will find this type 
listed at $1.40 each in Allied Radio 
and Newark Electronics Corp. 1967 
catalogs. 

TAPE FIGHTS DISC 

Despite the controversy between 
four -track and eight -track prerecorded 
tape cartridges, industry leaders feel 
that music on tape can equal disc rec- 
ordings in sales during 1967. Extensive 
promotion is under way and so far 
public acceptance of prerecorded tapes 
has been good. 

What standards-if any-will be 
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MOVING? Or writing about subscrip- tion? Be sure to fill out 
form below. 
For FASTEST service on address change, missing 
copies. etc., attach old mailing label in first 
space below. Otherwise please print clearly your 
address as we now have it. 
OLD ADDRESS (Attach old label if available) 

Name 

Address 

City State 

Zip Code 

NEW ADDRESS 

Name., 

Address 

City State 

Zip Code 

Mail to: RADIO -ELECTRONICS 
Subscriotion Dent. Boulder, Colo. 80302 
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PYIVGL7 
Model 65-3 VHF -TV ANTENNA AMPLIFIER 

improves reception of WEAK VHF -TV signals in 

FRINGE AREAS even where strong local TV or FM 

signals are present. AMPLIFIES UP TO 7 TIMES for 
Better Color and B/W 

A two-transistor-high and low band-ampli- 
fier in one compact weather -resistant hous- 
ing. Engineered to provide the lowest noise 
and highest amplification with the most 
desirable overload characteristics. Designed 
for easy and convenient installation on 
antenna boom, mast, or under roof eave. 

Amplifier used in conjunction with dual out- 
let power supply for one, two, or multiple set 
installations (with Finco 3003 coupler). 117 V 

60 cycle input. AC power up to amplifier: 
24 volts - 60 cycle. Metal enclosed with easy 
keyhole mounting. Amplifier and power 
supply provided complete with mounting 
hardware. Each unit tested and inspected 
prior to shipment. 

Let Finco solve your Color and B & W 

reception problems. Write for complete 
information, schematics and specifications. 
Form X20-357. 

Model 65-3 VHF -TV ANTENNA AMPLIFIER 

1.-771-'''Nceig THE FINNEY COMPANY 
.....T.)Q 34 West Interstate Street Bedford, Ohio 44014 Dept. RE 

,ND FM ANTEN 
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Electronics comes 
alive with NRI 

Training Kits 
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DISCOVER THE EASE AND EXCITEMENT 
OF TRAINING AT HOME THE NRI WAY 

New Achievement Kit-Custom 
Training Kits-"Bite Size" Texts 

Only NRI offers you this pioneering method of simpli- 
fied "3 Dimensional" home -study training in Electron- 
ics, TV/Radio and Broadcasting/Communications. It's 
a remarkable teaching idea unlike anything you have 
ever encountered, the result of more than half a cen- 
tury of simplifying, organizing and dramatizing learn- 
ing -at-home techniques. If you are an ambitious man 
-regardless of your education-you can effectively 
learn the Electronics field of your choice the NRI way. 

NRI has simplified Electronics by producing "bite 
size" lesson texts averaging only 40 pages each. Dozens 
of illustrations open wide a picture window through 
which you'll see and understand practical uses of Elec- 
tronics. You start out with NRI's exclusive Achievement 
Kit, containing everything you need to get started fast. 
(Illustrated at right.) 

NRI has organized Electronics training to take you 
step-by-step from the first stages into more intriguing 
areas. Once you know the fundamentals thoroughly, it's 
easy to grasp more advanced theory and techniques. 
You move with confidence and enthusiasm into a new 
adventure filled with the excitement of discovery. 

NRI has dramatized Electronics through the careful 
development of special training equipment that is 
programmed into your training systematically ... be- 
ginning with your first group of lessons. Things you 
read about come alive in your hands as you build, ex- 
periment, purposely cause "problems" in circuits- 
and solve them. You learn to use test equipment, to 
build radios and TV sets, transmitter, or computer 
circuits. It's the priceless "third dimension" in NRI 
training ... practical experience. 

More than 50 years of leadership 
in Electronics Training 

YOU GET MORE FOR 

YOUR MONEY FROM NRI 
Mail postage -free card now for your free NRI catalog. 
Then, compare. You'll find-as have thousands of others 
-NRI training can't be beat. Read about the new 
Achievement Kit sent the day you enroll; about "bite - 
size " texts and custom designed training equipment. 
See why NRI gives you more value. Whatever your reason 
for wanting more knowledge of Electronics, NRI has an 
instruction plan for you. Choose from major programs in 
TV/Radio Servicing, Industrial Electronics and Complete 
Communications. Or select from 
special courses to meet specific 
needs. Check the course of inter- 
est to you on postage -free card 
and mail today for free NRI cata- 
log. Nosalesman will call. NATIONAL 
RADIO INSTITUTE, Electronics Div., 
Washington, D.C. 20016. 

AvailableUnder 
NEW 

GI BILL 
If you served since 
January 31, 1955, or 
are in service, check 
GI line in postage - 
free card. 

Career? Part -Time Earnings? Hobby? Choose From 12 Training Plans 
1. TELEVISION -RADIO SERVICING - 
Learn to fix all TV sets, including Color. 
Includes your choice of NRI Color Kit or 
19" black -white TV Kit. Also covers 
radios, stereo hi-fi, etc. Profitable field 
spare or full-time. 

2. INDUSTRIAL -MILITARY ELECTRON- 
ICS - Basics to computers. Starts with 
fundamentals, covers servos, telem- 
etry, multiplexing, phase circuitry, other 
subjects. 

3. COMPLETE COMMUNICATIONS* - 
Operation, service, maintenance of AM, 
FM and TV broadcasting stations. Also 
covers marine, aviation, mobile radio, 
facsimile, radar, microwave. 

4. FCC LICENSE* - Prepares you for 
1st Class FCC License exams. Begin 
with fundamentals, advance to required 
subjects in equipment and procedures. 

5. MATH FOR ELECTRONICS - Brief 
course for engineers, technicians seek- 
ing quick review of essential math: 
basic arithmetic, short-cut formulas, 
digital systems, etc. 

6. BASIC ELECTRONICS - For anyone 
wanting a basic understanding of Radio- 
TV Electronics terminology and compo- 
nents, and a better understanding of 
the field. 

7. ELECTRONICS FOR AUTOMATION - 
Not for beginners. Covers process con- 
trol, ultrasonics, telemetering and re- 
mote control, electromechanical meas- 
urements, other subjects. 

8. AVIATION COMMUNICATIONS* - 
Prepares you to install, maintain, serv- 
ice aircraft in-flight and landing sys- 
tems. Earn your FCC License with 
Radar Endorsement. 

9. MARINE COMMUNICATIONS*- 
Covers electronic equipment used on 
commercial ships, pleasure boats. Pre- 
pares for FCC License with Radar 
Endorsement. 
10. MOBILE COMMUNICATIONS* - 
Learn to install, maintain mobile trans- 
mitters and receivers. Prepares for FCC 
License exams. 

11. ELECTRICAL APPLIANCE REPAIR- 
Learn to repair all appliances, including 
air conditioning, refrigeration, small gas 
engines. Leads to profitable part or full- 
time business. 
12. ELECTRONICS FOR PRINTERS - 
Operation and maintenance of Elec- 
tronic equipment used in graphic arts 
industry. From basics to computer cir- 
cuits. Approved by major manufacturers. * You must pass your FCC License 
exams (any Communications course) or NRI 
refunds in full the tuition you have paid. 
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now there are 3 
time & tool -saving 

double duty sets 
New PS88 all -screwdriver set rounds out 
Xcelite's popular, compact convertible tool set 
line. Handy midgets do double duty when slipped 
into remarkable hollow "piggyback" torque am- 
plifier handle which provides the grip, reach and 
power of standard drivers. Each set in a slim, 
trim, see-thru plastic pocket case, also usable 
as bench stand. 

PS88 

5 slot tip, 
3 Phillips screwdrivers 

PS120 

10 color 
coded nutdrivers 

PS7 

2 slot tip, 
2 Phillips screwdrivers, 
2 nutdrivers 

WRITE FOR CATALOG SHEET N563 

XCELITE, INC., 10 Bank St., Orchard Park, N. Y. 14127 

In Canada contact Charles W. Pointon, Ltd. 

Circle 12 on reader's service card 

NEWS BRIEFS continued 

adopted by tape companies is still a 
subject for speculation. There are four - 
track, eight -track, reel-to-reel and 
cartridge -loop systems. Perhaps we'll 
end up with something like the 331/2- 
45 -rpm compromise that's used in the 
disc industry. 

MORE LOW-COST COLOR 
ON TAPE 

Inexpensive color video record- 
ings are possible with at least two 
brands of VTR's. Sony Corp. now 
markets an adapter for converting 
most of that firm's low-cost, helical - 
scan video recorders. Earlier, Ampex 
Corp. developed the first conversion of 
a relatively low-cost machine to color. 
(This unit was described in "A Porta- 
ble Color Recorder," in last month's 
RADIO -ELECTRONICS.) 

3-D HOLOGRAMS 

WITH ORDINARY LIGHT 

The technology of making stereo- 
scopic photographs is advancing rapid- 
ly. Using a laser to illuminate the scene 
-described in "Direct -View 3-D Im- 
ages!" in our January 1967 issue-now 
appears to be somewhat old hat. A new 
technique, using a "fly's eye" lens and 
ordinary, noncoherent light, may make 
holograms possible for amateur pho- 
tographers. 

A hologram records all informa- 
tion contained in light waves from a 
scene. Where an ordinary photo re- 
cords only light intensity, a hologram 
includes positional information. Thus 
a hologram appears to have depth and 
perspective. 

The new process-developed by 
the research division of IBM Corp.- 
is illustrated in the photo. At center is 
the "fly's eye" lens, consisting of hun- 
dreds of tiny facets, each with a slight- 
ly different angle of acceptance from 
the others. The images surrounding the 
lens are but a few of the "pictures" 

12 

formed of the same scene. Since each 
picture is shot from a slightly different 
angle, perspective information is pre- 
served. 

For playback (viewing the 
image), a laser is necessary at this 
stage of development. The beam is 
projected through the photo and an- 
other "fly's eye" lens, combining the 
multiple images into an image that has 
lifelike reality. 

The drawing shows what the spe- 
cial lens looks like. 

At the other end of the process, 
another firm has developed a hologram 
that is viewable with ordinary light. 
Jodon Engineering Associates has de- 
vised a method of producing holo- 
grams that can be observed when 
illuminated with a flashlight. The holo- 
grams are similar to color film trans- 
parencies. 

VAN DE GRAAFF DEAD 

Another man whose name is an 
electronics byword is gone. Dr. Robert 
J. Van de Graaff died January 16 in 
Boston at the age of 65. In the early 
1930's, he invented the particle ac- 
celerator which bears his name, and 
which has been used extensively since 
then in cancer therapy and nuclear 
physics research. 

Van de Graaff was the recipient 
of many honors for his pioneer work 
in the field of high -voltage engineer- 
ing. A physicist, he received BS and 
MS degrees from the University of 
Alabama, and a doctorate from Ox- 
ford University (England), where he 
was a Rhodes Scholar. He was a na- 
tive of Tuscaloosa, Ala. END 

Driver -Reaction Tests 
the reflexes of racecar drivers at 
the Indianapolis 500 -Mile Speedway. 
Read this special report in 

May RADIO -ELECTRONICS 

RADIO -ELECTRONICS 
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...you need more education to get ahead in electronics" 

No matter how hard you work, you can't really suc- 
ceed in electronics without advanced, specialized 
technical knowledge. 

Going back to school isn't easy for a man with a 

full-time job and family obligations. But CREI 
Home Study Programs make it possible for you to 
get the additional education you need without 
attending classes. You study at home, at your own 
pace, on your own schedule. 

CREI Programs cover all important areas of 
electronics including communications, servomech- 
anisms, even spacecraft tracking and control. 
You're sure to find a program that fits your career 

_objectives. 

You're eligible for a CRIEI Pro- 
gram if you have a high school ed- 
ucation and work in electronics. 
Our FREE book gives all the facts. 
Mail coupon or write:: CREI, Dept. 
1404E, 3224 Sixteenth St., N.W. 
Washington, D.C. 20010 

SEND FOR FREE BOOK 

18W FO P.'mARt FHA, FOR F=MO,AOr/ 

-,r...,_ :, 

Founded 1927 

Accredited Member of the National Home Study Council 

The Capitol Radio Engineering Institute 
Dept. 1404E, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I am 
employed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK GI BILL 

I am interested in c Electronic Engineering Technology 
o Space Electronics Nuclear Engineering Technology 

Industrial Electronics for Automation 
D Computer Systems Technology 

APPROVED FOR VETERANS ADMINISTRATION TRAINING 
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"When you're commissioned to do 
antenna installations for the Capitol 

. Blair House, the Pentagon, Wash- 
ington National Airport, Department 
of Justice, Federal Trade Commis- 
sion, Federal Communications Com- 
mission, and the National Space and 
Aeronautics Administration Build- 
ings, you can't take chances. That's 
why we install JFD television anten- 
nas exclusively," says JERRY PEAKE, 
of Jerry Peake Co., Inc., Washing- 
ton, D.C. 
"As the biggest professional antenna 
installing company around these 
parts, we can't afford to be No. 2. 
We've got to deliver top picture-VHF 
and UHF - for the dealers, retailers 
and department stores who rely on 
us to keep their sets sold and cus- 
tomers satisfied. Color, especially, 
must be natural and ghost -free. Only 

JFD LPV antennas come across 
with this kind of reception." 
Jerry Peake Co., Inc., Washington, 
D.C., has installed over 185,000 an- 
tennas in the last 18 years in the 
Washington, D.C. area. He relies on 
both JFD LPV-CL Color Lasers and 
LPV-TV Log Periodics - like other 
professionals - to get performance 
people expect from a professional_ 
Here's why: 

W -I -D -E BAND LPV LOG PERIODIC 
DESIGN delivers more gain, higher 
signal-to-noise ratios, pinpoint direc- 
tivity that kills ghosts-VHF and UHF. 

SHOWROOM QUALITY COLOR - 
flat response across each channel. 
No "suck -outs" or "roll -off." Out -per- 
forms any other antenna in color or 

black and white - keeps customers 
sold. 

CAPACITOR -COUPLED ELE- 
MENTS work on both fundamental 
and harmonic modes. Entire antenna 
(not just part of it as in other an- 
tennas) responds to every channel. 

RUGGED NEW "FLIP -LOK" 
ASSEMBLY snaps out elements - 
keeps them tight and right on target. 

JFD® 
V® 

JFD ELECTRONICS CO. 15. Avenue at 62 Street, Brooklyn, N.Y. 11219 

JFD International, 64-14 Woodside Ave., Woodside, N.Y. 11377 JFD Canada, Ltd., Ontario, Canada 
JFD de Venezuela, S.A., Avenida Los Haticos 125-97, Maracaibo, Venezuela 

Circle 14 on reader's service card 
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1. Blair House 

2. The Capitol 
3. The Pentagon 
4. Washington National Airport 
5. Department of Justice 
6. Federal Trade Commission 
7. National Space and Aeronautics Administration 
8. Federal Communications Commission. 
9. Model LPV-CL400-one of eight new JFD LPV-CL 

Color Lasers (with FREE signal splitter) for best 
VHF/UHF/FM performance 

10. Model LPV-TV100-one of eight JFD LPV-TV Log 
Periodics for most powerful VHF/FM reception 

11. Model LPV-UCL22-one of four JFD LPV-UCL Color 
Lasers for ghost -free UHF pictures 

Eleven lanes reseed ane dreg corer Ore en, r0 og pe.nodre demgn 

10. 

SWATCH TO THE JFD :_PV -THE PPOFESSIONAL'S ANTENNA. YOUR JFD LPV DISTRIBUTOR CAN PROVE IT TO YOU! 
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to make 
"AS GOOD AS 

N E w 
you've got 
to put in 
a little 

for instance 
. . . when installing replacement 
speakers, it makes sense to replace 
with a speaker identical to the orig- 
inal equipment ... the speaker for 
which the unit was designed. This 
is the one sure way to maintain 
proper balance in a sound system. 

Oxford Transducer Company 
manufactures the most complete 
line of standard replacement speak- 
ers to O.E.M. specifications, for 
phonographs, TV, tape recorders, 
and conventional and transistor ra- 
dios. Oxford speakers are used by 
most manufacturers of consumer 
electronic equipment, so you are 
guaranteed O.E.M. standards. 

All speakers are available from 
stock, right now. You benefit two 
ways: from reduced inventories, and 
from assured customer satisfaction. 

Write today for your technical 
bulletin on Oxford's line of standard 
replacement speakers. 

Full Range 
of Replacement 
and Commercial 
Sound Speakers 

OXFORD/TRANSDUCER 
COMPANY A Division of 

Oxford Electric Corporation 
Visit display room 
509-A June 19th 
through 21st Conrad 
Hilton Hotel. Chi - 
ea go. 

3811 S. Michigan Ave. 
Chicago, III. 60653 

orrespondence 

CASE OF THE MISSING ARTICLE 

Dear Editor: 
Am a regular subscriber to RADIO - 

ELECTRONICS and was for many years 
when it was named differently. But I re- 
ceived my February copy Friday and 
was very disappointed. In the January 
issue you have a notice of "an instru- 
ment you can build to identify and eval- 
uate strange transistors." Then on your 
front cover of the February issue: "Iden- 
tifying Transistor Characteristics." 

But you cut the article completely. 
There must have been a good reason but 
it was very disappointing as I was look- 
ing forward to this article. 

JOSEPH POWER 
Philadelphia, Pa. 

[We were redfaced and disappoint- 
ed. too. As issue preparation got down 
to the last minute, we found a glaring 
problem with the unit. Even though cov- 
ers were already committed, we killed 
the story rather than run a misleading 
version. 

We hope the units in the March issue 
did the job for you. See "An Experimen- 
ter's Transistor Test Set" (page 57) and 
"Quick -Checker for Controlled Recti- 
fiers" (page 70) in that issue.-Editor] 

SWITCH FOR PMDVM 

Dear Editor: 
For the Poor Man's Digital Volt- 

meter (RADIO -ELECTRONICS, August 
1966. page 30) I recommend the fol- 
lowing switching system, using built-in 
guard rings to avoid leakage problems. 
The two probe sections should be on 

NPN 

SW 

b- 
I LIGHT 

! Isw 

I 

J 

separate wafers or banks, each with its 
own ground section. The series input re- 
sistors go to contacts 1 through 6; they 
are the multipliers. 

DAVID C. BELL 
Auckland, New Zealand 

THREE FOR THE MONEY 

Dear Editor: 
I read your editorial in the January 

issue (page 2). $752 for color? Baloney. 
A dependable set isn't worth more than 
$389.95. Why? I bought a Zenith black - 
and -white recently for $129.95. Ex- 
changing black for red, then blue and 
yellow [sic] is extra. So, $129.95 for 
red, $129.95 for blue, and $129.50 for 
yellow [sic] equals $389.95 for color. 

E. J. KUKLBR 
Tewksbury, Mass. 

[And stereo FM should cost twice as 
much as mono FM?-Editor] 

LIKES THE INDEX 

Dear Editor: 
I have been a subscriber to your 

magazine for years and I want to thank 
you for putting out a fine publication. 

Your yearly index is a valuable fea- 
ture and I want to express my prefer- 
ence for your switching back to the one 
annual index in the December issue. 
The semiannual index was fine, but it 
would have been better if the December 
issue carried the full annual index. 

STEPHEN WIESNER 
Cleveland, Ohio 

NICAD INFO 

Dear Editor: 
In your Battery Selection Guide 

which appeared (page 60) in the Febru- 
ary issue, you omitted one of the most 
desirable characteristics nickel -cadmium 
batteries possess: a very flat voltage - 
discharge curve. Indeed, this is probably 
the cause for the erroneous statement 
that the batteries would be discharged to 
cutoff after two months on the shelf. 

Your statement that they lose a 
certain percentage of their capacity per 
month on the shelf is certainly correct, 
but let's not confuse ampere -hour ca- 
pacity with terminal voltage. A glance 
at the specification sheet of a Gould Na- 
tional size D NICAD shows that the 
cells lose about 25% of their capacity in 
one month, 50% of their capacity in 
three months, and 85% of their capacity 
in 5 months. This is ampere -hour ca- 
pacity, not terminal voltage. 

I found the rest of the article ex- 
cellent; it provides information that up 
to this time has been difficult for the 
general public to obtain. 

HARVEY ALTSTADTER 
New York, N. Y. END 

Circle 15 on reader's service card 
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Fill the "profit gap" 
with the new Jerrold 

T. M. -- ii 
82 -channel antenna 
Now-the economical new Jerrold VUfinder 82 -channel 
antenna provides the best possible 300 -ohm all -channel 
color TV and FM reception. The VUfinder joins 
Jerrold's Coloraxial Pathfinder and Paralog-Plus an- 
tennas to give you another chance to profit on Jerrold 
reception quality: 

Sharp directivity eliminates color ghosts 
Flatness of ±1 db per channel assures greater color 
fidelity 
Color -distorting phase shifts are eliminated 

The Jerrold VUfinder Antenna actually works on 
both high and low band channels simultaneously- 
making each element serve double duty. The models 
are short, easier to install, and offer less wind loading 
than ordinary antennas of comparable gain. And each 
antenna comes complete with a UHF/VHF frequency 
splitter for the back of the set. 

Focus on Jerrold. First with the finest products and 
profits. For details on the Jerrold VUfinder 82 -channel 
antenna, see your Jerrold distributor. 

JE R RO LII 

DISTRIBUTOR SALES DIVISION 
401 Walnut Street, Phila., Pa. 19105 

Circle I6 nn rrNde°r',1 Sc°rriCe Curd 
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Connect the dots 
and find out what RCA Institutes 

Home Training in Electronics 
can do for you! 

18 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Learn electronics at home 
faster, easier, 
almost automatically- 
with RCA AUTOTEXT 

Are you just a beginner with an interest 
in the exciting field of electronics? Or, 
are you already earning a living in elec- 
tronics and want to brush -up or expand 
your knowledge in a more rewarding 
field of electronics? In either case, 
AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS! 
Thousands of well paid jobs in elec- 
tronics go unfilled every year because 
not enough men have taken the oppor- 
tunity to train themselves for these 
openings. RCA Institutes has done 
something positive to help men with an 
aptitude and interest in electronics to 
qualify for these jobs. 

HOME STUDY CAN TRAIN YOU FOR 
REWARDING CAREER OPPORTUNITIES 

To help fill the "manpower gap" in the 
electronics field, RCA Institutes has de- 
veloped a broad scope of Home Train- 
ing courses, all designed to lead to a 
well paying career in electronics in the 
least possible time. You also have the 
opportunity to enroll in an RCA 
"Career Program" exclusively created 
to train you quickly for the job you 
want! Each "Career Program" starts 
with the amazing AUTOTEXT Pro- 
grammed Instruction Method. And, all 
along the way, your program is super- 
vised by RCA Institutes experts who 
become personally involved in your 
training and help you over any "rough 
spots" that may develop. 
VARIETY OF KITS ARE YOURS TO KEEP 

To give practical application to your 
studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. Each kit is complete 
in itself, and yours to keep at no extra 
cost. You get the new Programmed 
Electronics Breadboard for limitless ex- 
periments, including building a work- 

ing signal generator, multimeter, and a 
fully transistorized superheterodyne 
AM receiver. 

ONLY FROM RCA INSTITUTES- 
TRANSISTORIZED TV KIT- 
VALUABLE OSCILLOSCOPE 
All students receive a valuable oscillo- 
scope. Those enrolled in the Television 
program receive the all -new transistor- 
ized TV Kit. Both at no extra cost and 
only from RCA Institutes. 

CHOOSE THE "CAREER PROGRAM" 
THAT APPEALS MOST TO YOU 

Start today on the electronics career of 
your choice. Pick the one that suits 
you best and mark it off on the attached 
card. 

Television Servicing 
Telecommunications 
FCC License Preparation 
Automation Electronics 
Automatic Controls 
Digital Techniques 
Industrial Electronics 
Nuclear Instrumentation 
Solid State Electronics 
Electronics Drafting 

ADVANCED TRAINING 
For those already working in electron- 
ics, RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you al- 
ready know. 

UNIQUE TUITION PLAN 
With RCA Institutes Training, you pro- 
gress at your own pace. You only pay 
for lessons as you order them. You 
don't sign a long-term contract. There's 

no large down -payment to lose if you 
decide not to continue. You're ever 
badgered for monthly payments. Even 
if you decide to interrupt your training 
at any time, you don't pay a single cent 
more. 

CLASSROOM TRAINING 
ALSO AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one of 
the largest of its kind in New York City. 
Coeducational classroom and labora- 
tory training, day and evening sessions, 
start four times a year. Simply check 
"Classroom Training" on the attached 
card for full information. 
FREE PLACEMENT SERVICE, TOO 
In recent years, 9 out of 10 Resident 
School students who used the Free 
Placement Service have been placed be- 
fore or shortly after graduation. This 
Service is available to Home Study 
students. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses are 

approved under the New G.I. Bill. 

RCA INSTITUTES, INC. Dept. 12,- 

350 West 4th Street 
New York, N.Y. 10014 

The Most Trusted Name In Electronics 
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uew Sams fools 
Troubleshooting Audio Equipment 

by Minnie Horowitz. An authoritative guide to 
audio component servicing. Provides a detailed, 
step-by-step analysis of audio amplifier and pre- 
amplifier circuitry. Describes normal operation of 

the equipment, then discusses 
the types of trouble and mal- 
functions which may occur. 
Gives equal treatment to 
both vacuum -tube and tran- 
sistor circuits, noting simi- 
larities and differences. Also 
covers phono pickups, micro- 
phones, phase inverters and 
drivers, tone controls, equal- 
ization, hum and distortion, 
tape recorders, and stereo- 
phonic systems. Heavily 
illustrated. 160 pages; 5342 

x 8W. $325 Order 20525, only 

Know Your Oscilloscope. Revised Ed. 

by Paul C. Snùth. Completely updated to provide 
a comprehensive understanding of scopes and their 
effective use in testing and maintaining electronics 
equipment, as well as in studying circuit action. 
The newest acope developments are covered, in- 
cluding transistorized amplifiers and sweep oscil- 
lators, as well as the principles of triggered -sweep 
and dual -trace scopes. Explains in detail the prin- 
cipal scope circuits and associated accessories. 
Describes how to maintain and adjust a scope 
properly; explains many of the countless applica- 
tions for scopes, including unusual uses, such as 
developing cyclograms and tube characteristic 
curves. 176 pages; 534 x 8W. q 
Order 20549, only $25o 

ABC's of Electronic Organs. Revised Ed. 

by Norman H. Crowhurst. Beginning with a clear 
description of the fundamentals of music, here is 
the fascinating, step-by-step explanation of how a 
handful of tubes, transistors, and other electronics 
components produces the richly varied music of 
the electronic organ. Describes the evolution of 
the organ; the fundamentals and mechanics of 
how it is played, along with helpful shortcuts to 
rapid learning; criteria for selectmg an organ. In- 
cludes sections on circuitry, maintenance, trouble- 
shooting, and tuning. 128 pages; 5H x 8H".$225 
Order 20551, only Z 

101 More Ways to UseYourVOM & VTVM. Rev. Ed. 

by Robert G. Middleton. Describes a wealth of addi- 
tional applications for these two essential test 
instruments not covered in the previous volume 
of this series. Includes suggestions and ideas con- 
tributed by technicians, a variety of special uses, 
and methods for testing a number of household 
devices. All test applications, connections required, 
and procedures are clearly and concisely described. 
144 pages; 5H x 834". ;rlg5 
Order 20513, only LL- 

ABC's of Shortwave Listening. Revised Ed. 

by Len Bucku:alter. Completely updated to provide 
a valuable introduction to the exciting world of 
shortwave, which includes international broad- 
casts, amateur voice and code operations, police 
and emergency transmission, commercial aircraft 
and marine communications, and, now, the signals 
from orbiting spacecraft. Describes the programs 
available; gives practical advice on receivers and 
antennas; explains how to get maximum satisfac- 
tion out of shortwave listening. 96 pages; 5% 
x 8z". $225 Order 20554, only 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or 
to Howard W. Sams & Co., Inc., Dept. RE -4; 
4300 W. 62nd Street, Indianapolis, Ind.46268 

Send me the following books: 

D 20525 D 20551 D 20554 
20549 20513 

Send FREE Sams Booklist. $ enclosed 

mail 
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In the Shop ... With Jack 

By JACK DARR 

THERE HAS ALWAYS BEEN A GOOD DEAL 

of discussin' about antennas (and at 
times a good bit of cussin' as well). For 
what they're worth, here are the results 
of some actual tests and observations 
I've made over a period of quite a few 
years. 

One: antenna height. The old the- 
ory says "The higher the antenna, the 
greater the signal pickup, in direct ra- 
tio." A good many years back, when TV 
first arrived in our area, I spent all sum- 
mer cranking a test tower up and down. 
In each case, I made a height test before 
installing the antenna. I used a field - 
strength meter and the regular antenna. 
I ran it from 20 feet up to 50 and back 
again. 

Oddly enough. I found that in our 
area, maximum signal strength was 
about 30 feet above the ground. Higher 
than that, there was a slight but measur- 
able loss. I found no sign of layering of 
the TV signal at all. (Remember, this 
was vhf.) All over -the -horizon recep- 
tion, too, I might add; the nearest sta- 
tion was 87 miles away beyond a lot of 
mountains, and the rest were even 
farther. 

So, there went that theory. Anoth- 
er one went with it-the one about the 
TV signal not bending over the horizon. 
The optical horizon of all of our TV sta- 
tions, on the towers they had then, 
couldn't have been more than 40 miles. 
But we got 'em, and got good pictures; 
still do. 

By using high -gain directional an- 
tennas, we can get reception over dis- 
tances that were thought impossible. 
The types used around here are all - 
channel vhf, mostly Yagis. Overall gain 
runs about 12-15 dB or higher. The 
sharply directional patterns are a great 
help in several ways. I have been able 
to pick up three stations on channel 4, 
for example, by simply turning the an- 
tenna! 

An antenna booster (or preamp) 
helps, too. However, no booster will 
make a picture. You've got to have a 
pretty fair, steady signal to start with. 
A booster with a good noise figure will 
clean up the signal and make it look 
much better. Late -model preamps, us- 
ing transistors or nuvistors, have given 
very good results. 

Two: ignition -noise pickup. I have 
what might be the ideal site for testing 
this; my shop's about 150 feet from a 

CH.4 

NO NOISE 

IGNITION NOISE 

ROAD 

\H3 

very busy highway: One of my stations 
is southeast, and I must aim the antenna 
diagonally across the road to get it. On 
this one, I get a good deal of ignition 
noise from old cars. However, watching 
another station straight west, with the 
antenna aimed directly away from the 
road, I get no ignition -noise pickup at 
any time. 

Therefore, I would say that in this 
case, the noise is being picked up on the 
antenna itself. This, of course, is pretty 
much unavoidable, since you have to 
shoot at the station to get it! I ran a test 
on this last summer. 

Having a spare test tower (used 
for antenna testing, naturally) sitting 
there, with a lead-in run all the way to 
the top, I tried something. I hooked this 
open-ended lead-in to the set, and 
watched for any sign of ignition -noise 
pickup. None. (No TV signal, either, for 
that matter, since all I had was about 

This column is for your service 

problems-TV, radio, audio or general 

and industrial electronics. We answer 

all questions individually by mail, free 

of charge, and the more interesting 

ones will be printed here. 

If you're really stuck, write us. 

We'll do our best to help you. Don't 

forget to enclose a stamped, self-ad- 

dressed envelope. Write: Service Edi- 

tor, Radio -Electronics, 154 West 14th 

Street, New York 10011. 

My Distributor is V 
Circle 17 on reader's service card 
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Not just a slide rule, but 
the dawn of "a whole new 
era of quick calculations" 
for men in electronics 
An expert reports on the 
CIE electronics slide rule 

"THERE MUST BE THOUSANDS OF PEOPLE in electronics 
who have never had the marvelous adventure of calculating 
problems with a single slide rule; other thousands have had to 
content themselves with a slide rule not specifically designed 
for electronics. For both groups, the new slide rule 
designed and marketed by Cleveland Institute of Electronics and built 
for them by Pickett will open a whole new era of quick calculations. 

"Even if you have never had a slide rule in your hands before, 
the four -lesson instruction course that is included takes you 
by the hand and leads you from simple calculations right through 
resonance and reactance problems with hardly a hitch. 
If you already use a slide rule, you'll find the lessons a first-rate 
refresher course. And it explains in 
detail the shortcuts built into this new rule." 

From an article in 
Radio Electronics Magazine 

r 
EXPERTS AGREE this electronics slide rule is a 
"must" for men in electronics. It is offered 
exclusively by the Cleveland Institute of 
Electronics at an especially low price in or- 
der to attract ambitious men who might be 
interested in our regular courses. With the 
slide rule and four -lesson course you also get, 
as a special bonus, a genuine top -grain leath- 
er slide rule case with heavy-duty plastic 
liner and removable belt loop for easy carry- 
ing. For free booklet with complete details, 
mail coupon or write to: Cleveland Institute 
of Electronics, Dept. RE -138, 1776 E. 17th 
St.., Cleveland, Ohio 44114. 

Mail this coupon for 
FREE BOOKLET 

CE Cleveland Institute of Electronics 
I 1776 East 17th Street Cleveland, Ohio -44114 

Please send me without charge or obligation your booklet describing the 
CIE Electronics Slide Rule and Instruction Course. Also FREE if I act at 
once: a handy pocket-size Electronics Data Guide. 

_= = 
Flow to Solve Electronics Problems in Seconds 

With new Electronics Slide Rule and Instruction Course 

Name 

Address 

City State Zip 
Accredited Member National Home Study Council 

A Leader in Electronics Training... Since 1934 RE -138 

(please print) 

Circle 18 on reader's service card 
APRIL 1967 23 

www.americanradiohistory.com

www.americanradiohistory.com


Winegard Introduces 
Super Compact 
Total Design Electronic 
SUPER COLORTRONS 

Five 82 -Channel Models 
Four VHF/FM Models 
Three UHF Models 
...so revolutionary in design and concept, 
they have 7 patents and patents pending 

82 -Channel Super Colortron 
Model SC -82; $54.95 

The World's First Total Design Antennas 

New antennas come and go. But there's never been an antenna 
like the amazing Winegard Super Colortron. 12 models in all- 
totally designed with more exclusive electronic, construction 
and performance features than all other antennas combined. 
It's taken us a while to create and develop and perfect the 
Super Colortron. But it was worth the time. See for yourself. 
Read about the Super Colortron's exclusive features. Then call 
your Winegard distributor. Or write for full color, 8 -page brochure. 

(A) Total Design 
Cartridge Pre -Amps: 
Exclusive solid state, instant - 
loading cartridge pre -amps drop 
into totally enclosed, weatherproof 
cartridge housing at point of signal 
interception. Models for 
82 -channel (VHF -UHF) antennas, 
VHF only, UHF only-plus a color 
spectrum filter. Custom -match 
the Super Colortron to any 
reception requirements. 
Total Design 
Impedance Correlators: 
Exclusive impedance correlators 
(2 patents pending) automatically 
increase 75 ohm driven elements 
to 300 ohms to provide 100% 
signal transfer from antenna 
to set. Enables antenna to. be 
20% more compact! 

(B) Total Design 
Vertical Resonant Reflectors: 
Exclusive UHF vertical resonant 
reflectors achieve highest 
realizable gain on channels 14-83 
because of exceptionally large 
vertical capture area. More UHF 
gain than any other 82 -channel 
antenna design. 
Total Design 
Electro -Lens Director System: 
Exclusive patented Electro -Lens 
system (U.S. Patent 2,700,105; 
Canada 511,984) absorbs 
entire signal and focuses it 
directly onto the driven elements 
to give Super Colortrons pinpoint 
directivity. 

Circle 19 on reader's service card 
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Five super high gain 
82 -channel models 
(each with free CS -285 
Bànd Separator); 
from $21.50 to $69.95 

Four super high gain 
VHF/FM models; 
from $24.95 to $64.95 

Total Design FM Control Element: 
Exclusive FM element provides 
high gain on FM bands-and 
enables you to attenuate FM bands 
in areas where strong FM signals 
interfere with TV reception. 
(C) Total Design 
Cartridge Housing: 
Exclusive housing is an integral 
part of Super Colortron-built-in 
and permanent. Completely 
weatherproofed to protect solid 
state cartridge pre -amps and 
connections. 
(D) Total Design 
Ellipsoidal Boom: 
Exclusive boom is the first 
aluminum tubing shape 
engineered especially for antenna 
use. Proved far stronger than any 
other existing boom design. 
(E) Total Design 
Wrap -Around Insulators: 
Exclusive low loss dielectric 
insulators completely encapsulate 
and weatherproof elements and 
correlators at point of electrical 
contact. Hi -impact polystyrene. 
Provide perfect alignment of 
elements and eliminate sagging 
and loosening. 

Three super high gain 
UHF models; 
from $14.95 to $32.95 

Total Design 
High Tensile Aluminum Elements: 
Exclusive aluminum alloy has 
PSI rating of 38,000 as compared 
to 27,000 PSI for alloys used 
in other antennas. More 
than 49% stronger-and 29% 
more resistant to bend and 
wind distortion. 
Total Design 
Wrap -Around Mast Clamp: 
Exclusive mast clamp has 4 pair 
of locking jaws (not just 2) to 
automatically align antenna on 
mast and for greater strength and 
durability. Requires only one 
U bolt. 
Total Design Gold Anodizing: 
Exclusive Gold Anodizing is the 
only permanent gold finish used 
on any antenna-the only positive 
protection against corrosion 
and fading. 
Total Design Assembly: 
Exclusive construction makes 
the Super Colortron truly 
easy-to-install-unfolds in 
seconds-completely 
factory pre -assembled. 

IYinegard 
ANTENNA SYSTEMS 

WINEGAiRD COMPANY, 3000 KIRKWOOD STREET, BURLINGTON, IOWA 52601 
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Pick up 

Special Channels 

on ANY radio with 
MINIVERTER II. 

Listen to AIR TRAFFIC, POLICE 
or FIRE DEPT. CALLS, COAST 
GUARD WEATHER, AMATEUR 
or any other special frequency 
you specify. 

In seconds, convert any car radio to 
a sensitive VHF FM/AM receiver ... 
without modifying the radio ... with- 
out using extra wires . . . without 
soldering ... without special anten- 
nas. Available for high band 108-170 
me or low band 30-50 me reception. 
Each unit tuneable over a 1.0 me 
range. 

Installation of basic unit is easy and 
foolproof. Adjustable automatic 
squelch circuitry (included) is quickly 
installed by adding two wires to radio, 
giving full squelch capability at no 
additional cost. Unit measures 3" 
high and is unconditionally guaran- 
teed if installed and used properly. In- 
structions for home radio installation 
included with each unit. Brochure on 
request. 

only $2995 complete 

SCIENTIFIC ASSOCIATES CORPORATION 
BOX 276, S. GLASTONBURY, CONNECTICUT 

Telephone 203-633-1971 

SERVICE CLINIC continued 

50 feet of 300 -ohm ribbon going 
straight up.) The other antenna was 
hooked to a portable, as a "control." 

By observation, I've found that 
when the antenna is pointed away from 
the highway, putting the road in the in- 
sensitive back lobe of the pattern, there 
is very little if any noise pickup. What 
ignition noise I do get seems to be get- 
ting into the antenna itself, and this is 
pretty much unavoidable. 

This leads me to the conclusion 
that a good high FTB (front -to -back) 
ratio is important. Not only does it re- 
duce ignition -noise pickup but it also 
helps a lot in other troubles. We have a 
strong channel 5 station to the north- 
west, practically back to back with chan- 
nel 6 to the southeast. With an antenna 
having a low FTB ratio, you get so 
much channel 5 signal when you're look- 
ing at channel 6 that the screen is one 
solid herringbone! I have had to resort 
to very sharp -tuning notch -filter traps 
to get rid of it when the antenna FTB 
ratio won't reduce it. 

Incidentally, with a highly direc- 
tional antenna, you can also "shoot 
thunderstorms!" If you see static flashes 
on the screen, turn the antenna until 
they're at a maximum, and that's the 
bearing from you to the storm center. 
Almost a home weather -radar system! 

We get much less ignition noise 
from cars now than we did a few years 
ago. This is undoubtedly due to the in- 
creasing numbers of cars which have 
been built with resistive ignition wiring, 
whether they have car radios or not. The 
car makers started this about 7 or 8 

years ago, I think, and it has been a 
great help to harrassed TV viewers. De- 
spite very heavy traffic during an even- 
ing viewing period, say between 6 and 
10 pm (I go to bed early!) I will sel- 
dom see more than one or two cars out 
of a couple hundred make any noise on 
the screen. 

Going back to the problem of an- 
tenna height, I'd like to contradict my- 
self partially, and say that in such ap- 
plications as two-way radio, CB and 
similar uses, the height rule still works 
(up to a point). As long as you work 
line -of -sight, it is valid. Raising the base - 
station antenna will increase the line -of - 
sight area tremendously and give a lot 
more coverage. Of course, there is a 
practical limit, due - to the inevitable 
losses in the transmission line. These are 
fixed, and can be figured out from a 
table of characteristics. 

The popular RG -58/U coax, for 
example, has 5.2 dB loss per 100 ft at 
100 MHz, even if it is matched to the 
transmitter and antenna. One CB en- 
thusiast asked me if he could use a 300- 

26 

foot tower to get better range. I told 
him, "Well, if you insist, but by the time 
you get that 5 watts up that far, I'd say 
your power output would be about half 
a watt!" 

Line -of -sight is a wonderful thing, 
though. There's a resort hotel on a 
2,500 -foot mountaintop not too far 
from here. I noticed a TV set in the 
lobby, and the station -break slide came 
on just as I walked by. To my surprise, 
there was a nice clean picture, from a 
station I knew was at least 185 miles 
away. And, there on top of the set- 
you guessed it-rabbit ears! 

Adjusting kit scope 

I've just built an EICO 460 kit 
scope. The spot on the screen isn't 
round, and when I put a sine wave on 
the screen, it is flattened. Also, the spot 
or pattern moves when I change the 
vertical attenuator switch. What's do- 
ing this?-J. L., Cumberland, Md. 

Two things: To get a round spot, 
turn the vertical and horizontal gain 
controls to zero; then adjust focus, 
brightness (intensity) and astigmatism 
controls to get a perfectly round spot. 
You can do this on a sine -wave or other 
stationary pattern by noting the thick- 
ening of certain parts of the pattern 
(see diagram). It's easier to do with a 

stationary spot. Don't leave the spot in 
one place for too long, on general prin- 
ciples; move it back and forth with the 
positioning controls. 

The spot movement when the at- 
tenuator is turned, also the flattening 
of top or bottom of the sine waves, are 
probably due to an incorrect adjustment 
of the dc BALANCE control. Set your 
vertical attenuator control (the selector 
switch) at X 1,000, and turn the verti- 
cal gain control to minimum (off). Set 
the trace at exactly center -screen with 
the VERTICAL POSITIONING control. 

Now, adjust the dc BALANCE con- 
trol until the spot doesn't move at all, 
vertically, when the vertical gain con- 
trol is turned from full off to full on. 
An unbalance here can cause clipping 
of one side or the other of the 0.4 p -p 
calibration voltage, which is a pure sine 
wave. END 
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The microphone 
with backbone... 

MODEL 676 

©6 
In just a few short months the 

. Electro -Voice Model 676 has 
gained quite a reputation as a problem 
solver-no matter what the odds. Now 
the 676 has a teammate. The Model 
674 has the same unique backbone that 
rejects unwanted sound ...an exclusive 
with Continuously Variable -D (CV.D)TM. 

microphones from Electro -Voice. And 
the improvement in performance is dra- 
matic. 

Troubled with feedback or interfer- 
ing noise pickup? Most cardioid micro- 
phones cancel best at only one fre- 
quency-but CV -D* insures a useful 
cardioid pattern over the entire re- 
sponse range. And its small size means 
the pickup is symmetrical on any axis. 

Bothered by rumble, reverberation, 
or toss of presence? A recessed switch 
lets you attenuate bass (by 5 or 10 db 
at 100 Hz) to stop problems at their 
source. And there's no unwanted bass 

ELECTRO -VOICE, INC., Dept. 472E, 

now has a 
staunch new 
companion! 

boost when performers work ultra -close. 
CV -D eliminates this "proximity effect" 
so common to other cardioids. 

Wind and shock noise are almost 
completely shut out by the CV -D de- 
sign. Efficient screening protects against 
damaging dust and magnetic particles, 
and guards against annoying "pops". 

As for overall sound quality, only 
expensive professional models compare 
with the 676 and 674. The exclusive 
Acoustalloy' diaphragm gets the credit. 
It's indestructible-yet low in mass to 
give you smooth, peak -free, wide -range 
response with high output. 

The Model 676 slips easily into its 1" 
stand clamp for quick, positive mount- 
ing. The fine balance and shorter length 
of the 676, and absence of an on -off 
switch makes it ideal for hand-held or 
suspended applications. 

The Model 674 offers identical per- 
formance but is provided with a stand - 

613 Cecil Street, Buchanan, Michigan 49107 

Circle 21 on reader's service card 

MOE EL 674 

and mounting stud and on -off switch. 
Either high- or balanced low -impedance 
output can be selected at the cable of 
both microphones. 

Choose the 676 or 674 in satin chrome 
or non-reflecting gray finish for just 
$100.00. Gold finish can be ordered for 
$10.00 more (list prices less normal 
trade discounts). There is no better way 
to stand up to your toughest sound 
pickup problems. Proof is waiting at 
your nearby E -V sound specialist's. Or 
write for free catalog of Electro -Voice 
microphones today. 

An important footnote: There is ao time limit to 
our warranty! If an E -V microphone shoulld fail, 
just send it to us. If there's even a hint that our work- 
manship or materials weren't up to par, the repair is 
no charge - even decades from now! Fair enough? 
*Patent No. 3.115.207 

ge.r0"3/011%, 
SETTING NEW STANDARDS IN SOUND 
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You can earn more money 
if you get an FCC License 

...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

NOT SATISFIED with your present income? 
The most practical thing you can do 

about it is "bone up" on your electronics, 
pass the FCC exam, and get your Govern- 
ment license. 

The demand for licensed men is enor- 
mous. Ten years ago there were about 
100,000 licensed Communications stations, 
including those for police and fire depart- 
ments, airlines, the merchant marine, pipe- 
lines, telephone companies, taxicabs, rail- 
roads, trucking firms, delivery services, and 
so on. 

Today there are over a million such sta- 
tions on the air, and the number is growing 
constantly. And according to Federal law, 
no one is permitted to operate or service 
such equipment without a Commercial FCC 
License or without being under the direct 
supervision of a licensed operator. 

This has resulted in a gold mine of new 
business for licensed service technicians. A 
typical mobile radio service contract pays 
an average of about $100 a month. It's pos- 
sible for one trained technician to maintain 
eight to ten such mobile systems. Some men 
cover as many as fifteen systems, each with 
perhaps a dozen units. 

Coning Impact of UHF 
This demand for licensed operators and 
service technicians will be boosted again in 
the next 5 years by the mushrooming of 
UHF television. To the 500 or so VHF tele- 
vision stations now in operation, several 
times that many UHF stations may be added 
by the licensing of UHF channels and the 
sale of 10 million all -channel sets per year. 

Opportunities in Plants 
And there are other exciting opportunities 
in aerospace industries, electronics manufac- 
turers, telephone companies, and plants op- 
erated by electronic automation. Inside in- 
dustrial plants like these, it's the licensed 
technician who is always considered first for 
promotion and in -plant training programs. 
The reason is simple. Passing the Federal 
government's FCC exam and getting your 
license is widely accepted proof that you 
know the fundamentals of electronics. 

So why doesn't everybody who "tinkers" 
with electronic components get an FCC Li- 
cense and start cleaning up? 

The answer: it's not that simple. The gov- 
ernment's licensing exam is tough. In fact, 
an average of two out of every three men 
who take the FCC exam fail. 

... 

CI 

There is one way, however, of being pretty 
certain that you will pass the FCC exam. 
And that is to take one of the FCC home 
study courses offered by the Cleveland In- 
stitute of Electronics. 

CIE courses are so effective that better 
than 9 out of every 10 CIE -trained men who 
take the exam pass it...on their very first try! 
That's why we can afford to back our 
courses with the iron -clad Warranty shown 
on the facing page: you get your FCC Li- 
cense or your money back. 

There's a reason for this remarkable rec- 
ord. From the beginning, CIE has special- 
ized in electronics courses designed for 
home study. We have developed techniques 
that make learning at home easy, even if 
you've had trouble studying before. 

In a Class by Yourself 

Your CIE instructor gives his undivided per- 
sonal attention to the lessons and questions 
you send in. It's like being the only student 
in his "class." He not only grades your work, 
he analyzes it. Even your correct answers 
can reveal misunderstandings he will help 
you clear up. And he mails back his correc- 
tions and comments the siume day he re- 
ceives your assignment, so you can read his 
notations while everything is still fresh in 
your mind. 

It Really Works 

Our files are crammed with success stories 
of men whose CIE training has gained them 
their FCC "tickets" and admission to a 
higher income bracket. 

Mark Newland of Santa Maria, Calif., 
boosted his earnings by $120 a month after 
getting his FCC License. He says: "Of 11 
different correspondence courses I've taken, 
CIE's was the best prepared, most interest- 
ing, and easiest to understand." 

Once he could show his FCC License, 
CIE graduate Calvin Smith of Salinas, Cali- 
fornia, landed the mobile phone job he'd 
been after for over a year. 

Mail Card for Two Free Books 

Want to know more? The postpaid reply 
card bound -in here will bring you free cop- 
ies of our school catalog describing oppor- 
tunities in electronics, our teaching methods, 
and our courses, together with our special 
booklet. "How to Get a Commercial FCC 
License." if card has been removed, just 
send your name and address to us. 

THESE CIE MEN PASSED... 

NOW THEY HAVE GOOD JOBS 
Matt Stuczynski, 

Senior Transmitter 
Operator, Radio 
Station WBOE 

"I give Cleveland In- 
stitute credit for my 
First Class Commercial 
FCC License. Even 
though I had only six 
weeks of high school 
algebra, CIE's AUTO- 
PROGRAMMEDTM lessons make elec- 
tronics theory and fundamentals easy. I 
now have a good job in studio operation, 
transmitting, proof of performance, equip- 
ment servicing. Believe me, CIE lives up to 
its promises." 

Chuck Hawkins, 
Chief Radio 

Technician, Division 
12, Ohio Dept. 
of Highways 

"My CIE Course en- 
abled me to pass both 
the 2nd and 1st Class 
License Exams on my 
first attempt...I had no 
prior electronics train- 

ing either. I'm now in charge of Division 
Communications. We service 119 mobile 
units and six hase stations. It's an interest- 
ing, challenging and rewarding job. And 
incidentally, I got it through CIE's Job 
Placement Service." 

Glenn Horning, 
Local Equipment 

Supervisor, Western 
Reserve Telephone 

Company 
"There's no doubt 

about it. I owe my 2nd 
Class FCC License to 
Cleveland Institute. 
Their FCC License 
Course really teaches 
you theory and fundamentals and is par- 
ticularly strong on transistors, mobile ra- 
dio, troubleshooting and math. Do I use 
this knowledge? You bet. We're installing 
more sophisticated electronic gear all the 
time; what I learned from CIE sure helps.' 

ENROLL UNDER NEW G.I. BILL: All CIE 
courses are available under the new G.I. 
Bill. If you served on active duty since 
January 31, 1955, OR are in service now, 
check box on reply card for G.I. Bill 
information. 

ECleveland Institute of Electronics 
1776 E. 17th St., Dept. RE -33 Cleveland, Ohio 44114 

Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage 
of electronics fundamentals plus such up-to-date applications as: Microminiaturization Laser Theory and Application Suppressed Carrier 
Modulation Single Sideband Techniques Logical Troubleshooting Boolean Algebra Pulse Theory Timebase Generators... and many more. 

28 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


 i / - 
,.:: 
,. 

..... 

,'.. 
« ¡ 
i i« c: 
(. 

:` Z 
O,.. 

lt( , 
,,. 

iO 

::¡ 
I,.«.' 

_:. 

',1¡ . ,.. 
; ;:': ..: 

4.. 1 
« 

4:4.13> 

Ir . :: 
.. 1, 
., ::: 

((ij( ..: 

(, «;: 

; '' . : 
,,. 

. - 

,:. 

::.f 
(((«J ...{. 

((«f' .::'. 
... 

; 
r . i 

= = '=== = : ;: : ; :: : ; "/IIIIIIIIIMNII :=:';-==::: =::: :=:==;=;;:; : :: = .; ; . .: ...----....---e_____'.' .:::::.-:...-4.:.;,.- : .....:;-=- .::....:........... .«:... ..«..-. : -.«.' .« .«... , = \ m. .'. 
1` . 
)41:1))) ii 

r.":),14 

.pa.,!.!) 

ii)))) 

*-4,_ 

TA . Ng1L 
P1.,>9_F409` ereeoAeeeegr, 

, C 

ItäligernieitilgegleeiüttägniValtrfflgel 
FIRST CLASS 

...,a,.l...... 9.x,,,,..ß., 

iri.l,Gfo! TOMMY IILIS 7UFCY 

9. l 
Ox o. AXEVDDO RADIO K.00.sco..s, F S xpye6L31 <.,lpppFSp$,<FO<o 

110 CODDIDID41 

ADM ADO ADGULATIONS OK DND !CIUDAD 
MAW .<,<x<.I.,,«.H...<x<alcxAS TOM.. SPDCI6C49DY DDT DOT 

., .x <,,, [ °. <x.,s<i.xxa<[q<pO M: ̀..çox. 

ODACD AND 

a<p 
,. 9F <x..,< 

no,, SC 

Y' , 1 968 

tEMeEB II. 196) 

AP ,x.<I 4C<Ott A. <.n<. Su.0..0 Nt 

(NI .$COICu9CN I. NC. Yoe. 

(^^^/^ "'-f1Gi , 

. :f.Y.f'f,n..v.l..w..6.6;,.ai/ww..w.W.w. 

wLiu UN L SGNED 

eigiiimsu e 
ti 

'I. r. ii 
V 

;i j 1/l 

;i .i. . I 11 . 

.« i ;. ., .,I ., , 

I . 
. .. 
a;;: .t; 

, I) , :i 
I' ' 

:::. 
6:::. 
: ` 

'I . 
I: 1r 

k.::::.: 

:;. 
.. 
2 . 

;:; : 
' . 

e.:::::.:. :L 

I.. 
.. 
«, :. .:: ... :.. 
I . , .. 

::«::¡ ' Cig.«_1,M.:W«:«:::=i.e:n::=j:;-:J / .m...0. . ` .`.`': '-`I. : .r.. `. a` :: ::. = ¡i=;: i' = =-=..: 'i::i. 

14 

Better than 
9 out of to 

their 
CIE men 

win 
ticket , 

the very first 
tirr1e they try 

1SAñú°NAL AVERAGE 
OUT OF 31 

Cleveland Institute of Electronics 

A A` 
) A i 

of success in obtaining a 

Government FCC License 
The Cleveland Institute of Electronics hereby warrants that 
upon completionof the Electronics Technology, Broadcast 
Engineering, or First -Class FCC License course, you will be 
able to pass the FCC examination for a First Class Com- 
mercial Radio Telephone License (with Radar Endorsement) ; 

OR upon completion of the Electronic Communications 
course you will be able to pass the FCC examination for a 
Second Class Commercial Radio Telephone License; 

AND in the event that you are unable to pass the FCC test 
for the course you select, on the very first try, you will re- 
ceive a FULL REFUND of all tuition payments. 

This warranty is valid for the entire period of the com- 
pletion time allowed for the course selected. 

G. O. Allen 
President 
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Record and Play Video Tapes with Your TV Set 
Receiver doubles as tape monitor By G. McGINTY 

HERE'S A WAY TO JOIN IN THE FUN OF MAKING HOME VIDEO 

recordings with a minimum investment. You can save on 
the cost of a video monitor by converting your TV set to 
work as recording and playback monitor. The conversion 
shown here is for the Sony model CV -2000 or CV -2000D 
Videocorder. 

Almost any black -and -white receiver can be made to 
work as a video monitor. Best results come from sets with 
power transformers, since a source of 6.3 -volt ac is needed 
for the auxiliary amplifiers on the adapter board. Trans- 
formerless sets must be equipped with line -isolation trans- 
formers and a separate filament transformer. 

Next, consult the schematic of your set to see where the 
video feed to the sync separators is taken from. In almost all 
sets, it's from the plate circuit of the video amplifier. If your 
set is wired that way, the simple adapter board shown in this 
article will work fine. If sync is taken from the video detector 
circuit, a few extra connections will have to be made. 

Fig. 1, the schematic, shows how the adapter works. The 
relay is shown de -energized, as it is when the recorder is not 
in use and also when off -the -air recordings are to be made. 
Normally closed contacts of the relay complete the original 
circuit paths in the receiver. Video from the picture detector 
feeds through contacts 4 and 5 to the video output stage. 
Similarly, audio from the sound detector goes through con- 
tacts 1 and 2 to the top of the volume control. 

Contacts 10 and 11 complete the dc path for the plate 
circuit of the last i.f. stage. This path is broken during play - 

RI 

YEL 3300 CAL 

FROM VIDEO DET 

50-x" 120V 

TO VIDEO 

7 
6 R3 

OUTPUT 

ORANGE 

GROUND 

SHIELDS AT 
SET END 
ONLY 

FROM 
SOUND 
DEZ 

BREAK 
j 

TV 
VOLUME 

TO AF 
OUTPUT 
STAGE 8+ 

BIAS 

t i 

R2 

C6 
7(50 

k 12V 

.1-41 
RIS 560.2 

Ì 

01,2,3 40084 (3) 

back and camera recording to prevent TV -station signals 
from interfering. 

Video signals sent to the video output stage are also 
applied to a two -stage emitter follower, which acts as a high - 
input -impedance buffer to supply video signals to the recorder 
for off -the -air recordings. 

When the recorder is turned on and put into the PLAY 

or the CAMERA RECORD mode, the relay in the adapter oper- 
ates. Now the normal TV audio and video signal paths arc 
broken and the audio and video signals supplied by the Video - 
corder are substituted. 

Amplifiers are placed in the audio and video return lines 
from the recorder because the signal levels at the output of 
the recorder are not high enough to drive the audio and video 
output stages of the receiver directly. 

Two semiconductor power supplies are built into the 
adapter. One supplies power to the adapter's amplifiers. The 
other provides a negative bias voltage for the video output 
stage. This bias takes the place of the normal negative dc 
voltage produced by the video detector. The audio playback 
amplifier receives its supply voltage from B+ in the TV re- 
ceiver. A Zener diode in the collector circuit of this ampli- 
fier maintains correct collector voltage. 

How to build the adapter 
Construction is quite simple and parts layout is not criti- 

cal. I used a perforated foil -clad board. Mount the video 
amplifiers close to the relay to keep video leads short. Use 
shielded leads to carry audio signals to and from the adapter 
board, but do not use shielded leads for the video lines except 
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SEE TEXT 
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AUDIO LEVEL 
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IR -Z-1118 

I0/25V 
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Q4 
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t SEE PARTS LIST 

1N91 

BLU 6.3VAC C14+ 

500µf 
12V 

BLK 
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R25 

2 
R28 
1500 -NMr--++ 
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+ 
Cl2 

DI +/// OA POWER 

IIO00µFJ/I5V 
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3.9K/TCIS ®BIAS 
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Fig. 1-This adapter couples the recorder to the receiver, changing modes from recording to playback. 
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where they are indicated on the diagram. 
Resistors R4, R5 and R12 are selected to suit the video 

levels used in your receiver. Resistor R26 may have to be 
changed to suit bias in your set. You can install the values 
shown in Fig. 1 to begin with, but make temporary connec- 
tions so that you can change the resistors easily later. 

Do not wire the octal and two -prong jacks until the 
adapter board is installed. Put extra -long cables at the points 
that connect to these jacks; you can cut them later to the 
lengths required by the installation. 

Mount the adapter board on the chassis as close as pos- 
sible to the video amplifier. Keep video leads short, especially 
from the detector to the adapter board, to minimize extra 
capacitance and stray pickup. In addition, i.f. harmonics ra- 
diated from the video lead may be picked up in the antenna 
system and show up as interference on channel 6 or 8, so 
keep video leads away from tuner or antenna leads. 

Do not mount the board above or near tubes that radi- 
ate heat. If possible, avoid putting the board too close to un- 
shielded i.f. transformers. A photo shows how I mounted the 
board in a Zenith portable. The mount is close to an exposed 
i.f. transformer, so I checked alignment before and after in- 
stallation to make sure the i.f.'s were not detuned. 

Connect the video leads of the adapter board to the TV 
chassis as shown in Figs. 2, 3, 4 and 5. The yellow lead con- 
nects to the output of the video detector. A test point is pro- 
vided in many sets at this point; use it as a tie lug for the 
yellow lead. The orange lead connects to the grid of the video 
output stage. Use the grid lug of the tube socket as a tie point. 
Next, the normal coupling between the video detector and 
the video output stage must be broken (Fig. 2-a). If the 
set uses a printed circuit, you can sever the conductor by 
cutting out a bit of foil with a razor blade. 

If your set employs capacitance coupling between the 
video detector and the video amplifier, make connections as 
shown in Fig. 2-b. In addition, increase the size of the cou- 
pling capacitor by bridging the original capacitor with an 
additional 0.5-µF unit. Use a 50- or 75 -volt type. 

Connect the audio circuits as shown in Fig. 3. All con- 
nections can be made at the volume control. 

Make connections to the plate circuit of the last i.f. 
stage as shown in Fig. 4. Note that the plate and screen volt- 
age for the last i.f. stage now passes through the normally 
closed contacts of the relay. Make sure only the last i.f. stage 
is supplied from the point at which you break the circuit. 
Also, make sure the screen voltage as well as the plate voltage 
will be interrupted by the relay. 

Power connections are made as shown in Fig. 5. Wire 
the blue lead to any convenient source of 6.3 -volt heater 
power. Connect the black lead to the chassis. 

The octal and two -prong jacks can be mounted on the 

CI, C2-20 µF, 12 
volts 

C3, C14-500 µF, 12 
volts 

C4, C5, C6-50 pF, 12 
volts 

C7-30 F, 6 volts 
C8, C15-.01 /IF, 250 

volts ceramic 
C9-10 µF, 25 volts 
C10, C11-100 µF, 12 

volts 
C12, C13-1,000 µF, 15 

volts 
All capacitors except 

C8 and C15 are 
electrolytics 

D1, D2, D3-100 piv, 
500 mA, germanium 
or silicon rectifiers 
(1N91, 1N1692, 1N- 
537, etc.) 

D4-Zener diode, 22 
volts, 1 watt (Inter- 
national Rectifier ex- 
perimenter series 

No. Z-1118, or type 
1ZF22T10) 

J1-Octal socket with 
shell for cable use 

J2-two-prong socket 
(Switchcraft 810 or 
equivalent) 

Ql, Q2, Q3-40084 
(RCA) 

Q4-2N718A (RCA, TI, 
Motorola, Raytheon) 

R1, R4-330 ohms 
R2-18,000 ohms 
R3-56,000 ohms 
R5-910 ohms, 5% 
R6-8,200 ohms 
R7-1,800 ohms 
R8-390 ohms 
R9-33 ohms 
R10, R14-47 ohms 
R11-75 ohms, 5% 
R12-100 ohms 
R13-180 ohms 
R15, R22-560 ohms 
R16-3,600 ohms, 5% 
R17-1,200 ohms 

R18-20,000 ohms, 4 
watts (two 10,000 - 
ohm 2 -watt in series) 

R19-5,100 ohms, 5% 
R20-68,000 ohms 
R2I-820 ohms 
R23-22,000 ohms 
R24-subminiature 

pot, 500,000 ohms 
R25-10,000 ohms 
R26-3,900 ohms 
R27-4,700 ohms 
R28-150 ohms 
R29-82 ohms, 2 watts 
All resistors, unless 

otherwise indicated, 
are 1A -watt, 10% 

RY-4pdt relay, 12 - 

volt coil (Potter & 
Brumfield MG -17D 
or equivalent) 

Foil -clad perforated 
board 

Cables as described in 
text 

Hardware 

Adapter board is best installed on the receiver chassis. 

VIDEO OUTPUT 
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BREAK 

ORANGE 
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Fig. 2-Video tie points from (a) dc- and (b) ac-cóup7ed stages. 
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RY (SEE F16.1) 

VOLUME > 
TO AUDIO OUTPUT STAGE IN SET 

(IN TV SET) 

Fig. 3-Make audio connections at receiver volume control. 

LAST VIDEO IF AMPL 
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B+ 
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10 

CONTACTS ON RY 

12 (SEE FIG.1) 

Fig. 4-Break last video i.f. plate circuit to connect adapter. 

IN TV SET 
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TO ADAPTER BOARD 

Fig. 5-Power supply and ground connections front receiver. 

-'-TO VIDEO RECORDER TO MONITOR -4 - 

SUPPLIED WITH 
SONY VIDEOCORDER 

MIKE CABLE 

COAX (80-59/U,187/U 
I 5 OR BELDEN 8218 ) 

42 6--w, 
3 7 

4 8410- 
MIKE CABLE 

COAX(SEE ABOVE FOR TYPES) 

SWITCHCRAFT TYPE 410 OR EQUIV 

OCTAL 

Fig. 6-Make this cable to connect recorder to TV receiver. 
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Record and Play Video Tapes with Your TV Set 

rear of the cabinet or on a suitable bracket on the chassis 
apron. It is easier, however, to bring the cables for these 
jacks out through holes or ventilating slots on the rear cover. 
Install the jacks, with protective shells, directly on the cables 
and let the cables hang loose. 

Wire the jacks as shown in Fig. 1. Dress the leads away 
from the deflection yoke and the high -voltage cage to mini- 
mize pickup of flyback pulses. 

Make up a set of connection cables as shown in Fig. 6. 
Length is not critical, and the 2 -prong plug need not be polar- 
ized. For safety, don't use an ac line plug and socket. The 
recorder end of the cable connects to the special 8 -pin plug 
and 2 -prong plug that connect to the jack panel on °"e rear 
of the Videocorder. These plugs are supplied with Sony CV - 
2000 and 2000D decks. 

Adjustments to the adapter 
Make initial adjustments with all cable connections set 

up between the recorder and your monitor. Leave the re- 
corder turned off for the moment (turn the Sony Videocorder 
off at the POWER switch). Turn on the monitor and adjust its 
controls for normal picture and sound. The set should work as 
a normal TV set. If picture or sound are absent, check the 
connections between the audio or video circuits and the relay. 

Circuit adjustments are best made with a calibrated 
scope, but you can manage without one. Make all adjust- 
ments with the TV chassis out of the cabinet. 
Step 1. Measure the dc voltage at the control grid of the 
video output stage and record the reading. 
Step 2. Measure the dc voltage at contact 6 of the relay or at 
the negative side of C5 (Fig. 1). This reading should he ap- 
proximately equal to that found in step 1. If the reading is 
too high, decrease the value of R26 until you get the voltage 
found in step 1. If too low, increase R26. The voltage read- 
ings in steps 1 and 2 should be within 0.3 volt of each other. 
Step 3. This step adjusts the video amplifier to produce the 
necessary video level at the input to the recorder. If you have 
a calibrated scope, measure the video amplitude at JI pin 4. 
If this voltage is between l and 3 volts peak to peak, okay. 
If it is below 1 volt p -p, decrease R4 and increase R5. Keep 
total resistance (R4 + R5) the same. If the video level is 
higher than 3 volts p -p, increase R4 and decrease R5. 

If you do not have a scope, do step 3 as follows: Turn 
on the Videocorder by depressing the POWER switch. Set the 
TV -CAMERA switch to TV. Press the red RECORD button until 
it clicks into position. Set the METER SELECT switch tO VIDEO. 

Adjust the VIDEO LEVEL control for a reading in the blue 
zone of the meter on the Videocorder. If you can get this 
reading with the VIDEO LEVEL control set near midrange, the 
values of R4 and R5 are okay. If the control must be turned 
too far clockwise to get a blue -zone reading, reduce R4 and 
increase R5, keeping the total resistance about the same. If 

Perforated board is handy for mounting adapter components. 
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the control must be set near maximum counterclockwise to 
obtain the blue -zone reading, increase R4 and reduce R5. 
Step 4. Set the METER SELECT switch to AUDIO. Set the AUDIO 
LEVEL control to mid -position. Adjust R24 until sound peaks 
produce meter readings that extend just into the red zone on 
the meter scale. 

You are now ready to make video recordings. The re- 
maining receiver adjustments correct playback conditions. 
Make a recording 

Follow this procedure to make a trial recording. 
Step 1. Turn on your TV monitor and recorder. 
Step 2. Depress the RECORD button. (With the Videocorder 
on and the RECORD button in the OFF position, the Video - 
corder is in playback mode and the monitor will display the 
signals supplied by it. As there is no tape moving past the 
heads, the screen will remain blank.) 
Step 3. Set the controls on the TV monitor to produce a nor- 
mal picture. Pick a channel that gives good reception and 
obtain a picture with a good range of whites, grays and 
blacks. It is important to have a good picture at this point. 
Step 4. Set the METER SELECT switch to VIDEO. Adjust the 
VIDEO LEVEL control for a reading in the blue zone. 
Step 5. Set the METER SELECT switch tO AUDIO. Adjust the 
AUDIO LEVEL control so that sound peaks produce readings 
that do not reach beyond the right edge of the blue zone. 
Step 6. Thread a tape according to the manufacturer's in- 
structions. Set the tape counter to 000. 
Step 7. Start the motor in the recorder. 
Step 8. Hold the RECORD button down and move the FUNC- 
TION SELECT lever to the PLAY position. As the tape begins to 
move, your recording will begin. 
Step 9. Record for about 5 minutes. Then move the FUNC- 
TION SELECT lever to STOP. Set the lever to REWIND, and then 
to STOP when the tape counter again shows 000. 
Step 10. Move the FUNCTION SELECT lever to PLAY (do not 
depress the RECORD button). 
Step 11. Your TV monitor should now display the recording 
you have made. If the screen remains blank, trace the signal 
through Q3 and the relay to the video output stage. 
Step 12. Observe picture contrast, but ignore for the mo- 
ment any horizontal jitter or pulling at the top of the picture. 
If contrast is greater than when the recording was in prog- 
ress, increase the value of R12. If contrast is weak, reduce 
R12. You might have to repeat this step a few times to achieve 
proper playback contrast level. Make sure that you turn off 
the motor in the Videocorder when you make adjustments. 
Step 13. Repeat step 10 and check the audio volume level 
during playback. Usually any difference in level can be ad- 
justed by resetting the volume control in the monitor. In most 
cases, sound is normal and no circuit changes will be needed. 
However, if playback sound is too loud, you can try adding 
a resistor in series with C8. 
Horizontal afc modification 

Now to tackle that horizontal instability you may have 
noticed during playback. If the afc in the set does not recover 
fast enough, the picture shows some tearing or pulling, espe- 
cially at the top. To cure this the time constant of the error - 
voltage filter in the horizontal afc system must be modified. 
The collection of circuits on page 35 show typical hori- 
zontal afc filters. Most consist of two RC networks in the feed 
path between the sync discriminator and the horizontal oscil- 
lator. This same network may be drawn several ways, so 
check your circuit carefully. R1 and Cl form a short -time - 
constant filter and control the high -frequency rolloff point of 
the network. The time constant of this network has to be 
shortened to make the horizontal afc system respond quickly 
to changes in error voltage. 

R2 and C2 affect the low -frequency rolloff point. The 
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Ilorionlal afc hunting, caused by afc filter overcorrection. 

VIDEO FROM 
VIDEOCORDER 
( PIN 20FJI) 

4TH SET OF 

CONTACTS ON RY 

Fig. 7-In some sets, sync must be routed through the relay. 

resistor of this network is increased to increase the gain of the 
system at lower frequencies. The capacitor also may be re- 
duced in value to speed up afc action. Not all circuits have 
these resistances as four discrete parts. Sometimes circuit im- 
pedances are used as part of the network. Don't look for ex- 
actly the same parts in every circuit in this collection. 

The first job in making the circuit changes is to locate 
the filter network. In sets that use double -diode sync discrimi- 
nators (phase detectors) the network is between the diode 
discriminator and the horizontal oscillator. In pulse -width 
(Synchroguide) afc systems, the network is in the cathode 
circuit of the horizontal control tube. 

When you have located the filter network, compare it 
with the typical examples shown here. If the network in the 
receiver is similar in form and has the same or nearly the 
same values, make the circuit changes indicated. 

If the set you are working on doesn't match any of the 
examples, follow this general procedure, checking the results 
of each change by playing back a recorded tape. Reduce the 
value of Cl by a factor of 2 or 3. If that's not enough, de- 
crease the value of Rl by a factor of 2 or 3. You are trying 
to eliminate horizontal jitter and pulling or tearing at the top 
of the picture. Next increase R2 by a factor of 2 to 4. Try a 
few values. Try reducing C2 by a factor of 2 to 3. 

Continue to alter Cl, R1, R2 and C2 by trial and error 
until you get good results. If you change values too far, afc 
hunting will appear in the picture. This looks like a ripply 
weave in the picture, most noticeable on vertical lines near 
the top of the picture (see photo above). 

Sets with low-level sync feeds 

In sets in which the feed to the sync separators is taken 
from the video detector, the circuit of Fig. 1 would result in 
no sync during playback. To run video into the sync separa- 
tor during playback, wire the unused set of relay contacts as 
shown in Fig. 7. FA video recorder should not be used to re- 
cord copyrighted material without permission. Editor] END 

Horizontal afc modification of receivers 
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THE MAST -MOUNTED PREAMP 
How to select the one that will produce the best TV picture for you 

WHEN PEOPLE MOVE FROM THE CITY 
to the suburbs, one of the first things they 
notice is the TV picture. It's weaker, 
perhaps even snowy. Rabbit -ear anten- 
nas, which work fine in the city, give 
way to relatively simple outdoor anten- 
nas. Farther out, conicals and log pe- 
riodics must be used, sometimes stacked. 
However, a point is reached where a 
larger antenna just isn't the answer. The 

next logical step is the mast -mounted 
preamplifier. This unit provides a simple 
and economical method for improving 
reception in fringe areas. It can also pro- 
vide enough signal to feed more than 
one TV set. 

Advantages 
Since the signal captured by a TV 

antenna must travel through the down - 

For best reception, the preamp should be mounted close to the antenna. 

By ABRAHAM E. SCHENFELD 

lead without amplification, a loss is in- 
troduced. If you have a weak signal to 
begin with, it's not hard to end up with 
snow on the picture tube. But if the rf 
is amplified at the antenna, lead-in loss 
becomes relatively unimportant. The 
mast -mounted preamp, then, provides a 
safety margin which can often mean 
the difference between snow and a pic- 
ture. 

Courtesy Blonder -Tongue Laboratories, Inc. 
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Fig. 1 shows the usual arrangement. 
The amplifier section (a) is mounted on 
the antenna mast. The power supply can 
be any convenient place indoors, usually 
near the TV receiver. Why isn't the pow- 
er supply up on the mast? If it were, 117 
volts ac would have to be fed to it. For 
safety-and to comply with the law- 
rather expensive outdoor 117 -volt wir- 
ing would have to be used. 

The power supply, in a typical pre - 
amp, converts 117 volts ac to some low 
voltage (generally 12-30 volts ac) which 
is then fed up the downlead (see Fig. 2). 
Chokes and blocking capacitors are 
used, to separate rf and ac. Thus no 
separate wiring is needed. and installa- 
tion is simple. Some preamps, by the 
way, send dc up the lead-in. 

Fig. 3 is the schematic of the pre - 
amp shown in Fig. 2. Rf from the an- 
tenna is fed through a balun (to match 
antenna impedance to the circuit) and 
then to a band -splitting circuit. Q1 am- 
plifies low -band signals. while Q2 han- 
dles the high band. Outputs of these two 
stages are then combined and fed to an 
output balun. 

Preamplifier specifications 
Before you can choose the proper 

preamp for a particular application, you 
must know how to interpret preamp 
specifications. 

Bandwidth: The frequency range 
the unit will amplify. The television band 
includes: 

Vhf low hand. 54-88 MHz (or 54- 
108 MHz including FM) 

Vhf high band, 174-216 MHz 
Uhf, 470-890 MHz 
Frequency response: Specifies gain 

variations within the bandwidth. A well - 
designed amplifier will have small gain 
variations. This is a very important fea- 
ture for color television. Variations are 
given in dB (decibels). 

Gain: The ratio of output power to 
input power. If input and output im- 
pedances of the preamplifier are the 
same, gain is given in dB. 

Noise figure: The factor that tells 
us how "noisy" the preamplifier is. Every 
amplifier generates noise; the less noise, 
the lower the noise figure. This figure is 

defined as the signal-to-noise ratio at the 
input, over the signal-to-noise ratio at 
the output, and is given in dB. For a 
snow -free picture, the TV signal must he 
much stronger in amplitude than the 
noise level generated by the preamp. The 
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lower the noise figure, the better the 
preamplifier. 

A preamplifier will be driven into 
overload when strong enough signals are 
fed into it. Several forms of overload 
conditions will cause interference. 

Crossmodulation: A form of over- 
load where the modulation information 
of one channel is visible on another 
channel. This type of overload occurs 
when the preamp tube or transistor is 
driven into third -order distortion by a 
very strong channel. Crossmodulation 
appears as "windshield wiper" effect on 
the TV screen. (In severe cases, the pic- 
ture from one channel is superimposed 
on that from another.) 

Harmonic generation and beats: 
An overload condition where transistor 
(or tube) nonlinearity generates har- 
monics which produce beat interference 
-the familiar herringbone pattern on 
the screen. This is a common problem of 
one -transistor (or tube) amplifiers that 
cover the entire band. Second -harmonic 
interference is often caused by the sec- 
ond harmonic of an FM station beating 
with a high -band TV signal. For exam- 
ple, the second harmonic of a 100 -MHz 
FM station is 200 MHz, which will inter- 
fere with channel 11 (198-204 MHz). 
The same thing can occur with the third 
harmonic of a low -band channel beating 
with a high -band channel. For example: 
channel 3 (61.25 MHz) X 3 = 183.75 
MHz, which will interfere with channel 
8 (180-186 MHz). 

Intertnodulation: Interference pro- 
duced by signals of two frequencies, and 
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Fig. 1-Head end or amplifier section is 
mounted on mast near antenna. Power 
supply unit is usually near TV receiver 
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Fig. 2-Block diagram of a typical preamp for FM and vhf TV use on an antenna mast. 
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THE MAST -MOUNTED PREAMP 
causing beats that interfere with another 
channel. 

Because of overload, an amplifier 
is specified by its input or output capa- 
bility. The maximum input or output 
level for a certain amount of distortion 
is usually specified. 

Available preamplifier types 
One transistor (or tube), vhf, 300 

ohms input and output 
One transistor handles both TV 

bands (low and high). Some amplifiers 
of this type trap out the FM to prevent 
overload by strong local stations. Since 
one transistor amplifies both bands, this 
preamplifier should be used only in 
weak -signal areas where no strong local 
stations exist that can cause overload. 
This type of amplifier feeding a signal 
splitter can be used to drive several re- 
ceivers. 

Two transistors, vhf, 300 ohms in- 
put and output 

One transistor handles the low - 
band channels and the FM band; the 
other handles the high -band channels. 
Again, some versions trap out FM. Since 

it is less prone to overload, the FM -trap 
type is recommended in fringe areas 
where strong local stations exist. Second - 
and third -order distortions are mini- 
mized in this type. 

Two transistors, vhf, 75 ohms 
Same as the above, but having a 

coaxial cable downlead. 
Two transistors, uhf only, 75 or 300 

ohms 
This type is relatively new and used 

primarily in areas where only uhf chan- 
nels have to be amplified. If vhf signals 
are available, they can be separately am- 
plified or directly mixed with the uhf 
signals. 

Two transistors, vhf/ uhf, 300 ohms 
A broadband amplifier for the vhf 

low band (54-88 MHz), vhf high band 
(174-216 MHz) and the entire uhf 
band (470-890 MHz). Two types are 
available. One has a single vhf/uhf in- 
put; the other has two inputs, one for 
vhf and another for uhf. 

The model with the single vhf/uhf 
input is used with a single antenna cov- 
ering the vhf-uhf bands, as shown in the 
photo. The other model is used when 
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Fig. 3-Schematic of the Fig. 2 preamp shows separate stages for high and low bands 

separate vhf and uhf antennas are em- 
ployed. 

In a vhf -only installation, either a 
one- or two -transistor unit can be used. 
Both a 300 -ohm ribbon model and a 75 - 
ohm, coaxial -cable model are available. 
In a fringe area where no strong local 
stations exist, the one -transistor model 
will be adequate. In other areas, where 
some stations are fringe and some local, 
the two -transistor model is preferred be- 
cause of its good signal -handling capa- 
bility. For a vhf/uhf installation, the 
two -transistor model should be used. 

In areas where severe ignition noise 
exists, use 75 -ohm coaxial cable or 
shielded twin line. Encapsulated 300 - 
ohm twin line is recommended, rather 
than the conventional flat type, in most 
applications-especially in uhf installa- 
tions. The encapsulated twin line has less 
loss than most coaxial cables. It also has 
more stable characteristics and is not af- 
fected by moisture, as flat twin line is. 

For the best signal-to-noise ratio, 
always mount the preamp as close to 
the antenna as possible. 

Extreme hot or cold temperatures 
degrade preamplifier performance and 
can cause transistor failure. Reliable 
manufacturers compensate for this and 
thereby provide that extra margin for 
year-round performance. 

Avoid placing an amplifier where 
it's exposed to hot smoke and gases from 
a chimney. 

Always provide a drain (or drip) 
loop in cables connected to the preamp 
(see Fig. 1). A drain loop prevents mois- 
ture from entering the amplifier hous- 
ing and causing damage. 

Although some preamps provide 
outputs to two receivers, additional sets 
can usually be fed by using splitters. 

Coaxial -cable installations require 
baluns (transformers) to match the 75 - 
ohm downlead to the 300 -ohm receiver 
antenna input. 

Frequency splitters can be used to 
split a common signal (vhf, uhf and 
FM) into separate frequency bands. TV 
receivers can then be fed only TV, and 
FM receivers only FM. This practice 
minimizes crossmodulation. 

Wherever TV signals are weak- 
especially if antenna -mounting space is 
limited-a mast -mounted preamp can 
produce a noticeable improvement in 
picture quality. It gets the signal above 
the noise before going down the lead-in. 
A good preamp often means a viewable 
picture where none was obtainable be- 
fore. END 
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A computerized troubleshooting system called Digital Unit Diagnosis 

PUSHBUTTON SERVICING OF TV AND 
electronic systems has come of age. The 
service technician and shop owner, not 
to mention the set owner, have long 
awaited this event. 

Digital Unit Diagnosis (DUD) is 
the latest innovation to increase the effi- 
ciency of service technicians. At pres- 
ent, five prototype systems are in oper- 
ation in various sections of the country 
for evaluation and debugging test runs. 

Many years and manhours of R & 
D have gone into perfecting the DUD 
system and into programing the memory 
tapes for all brands, models and chassis 
numbers of TV sets. Every type of mal- 
function that may occur in any chassis 
is programed into this tape memory and 
computer readout system. At this point, 
DUD is ready to go. 

The following is a brief rundown 
of DUD operation. The color or black - 

camera pickup head. The camera head 
is focused on the screen of the TV re- 
ceiver. You then select a prepunched 
card for the model and chassis number. 

The card is fed into the computer 
and the TEST START button is pushed and 
you await DUD readout on the moni- 
tor. This is a digital -type computer, but 
with direct CRT readout. The system 
will display the defective part by symbol 
number as given on manufacturers' 
schematics. (An accessory is available 
that converts this information to Sams - 
schematic symbol numbers.) The CRT 
display also describes any adjustments 
that are to be made. 

If there is more than one defect in 
the set, you repair the fault displayed 
and then push the TEST START button 
again, which will recycle the system for 
the next trouble. This can be repeated 
until all circuits are okay. 

Camera head at right views screen symptom of faulty TV 
set. Waveshape across bad component is shown on scope. 

and -white TV set to be checked is set 
up and put into operation. The set 
is cleared of any direct short circuits 
in its primary power supply, and all tubes 
are checked. The set is then connected 
into the automated testing system. The 
DUD unit feeds a complete b -w or 
color video signal and sound to the an- 
tenna terminals of the set under test. The 
other connections are made through 
age, sync, video, B+ and audio leads. 
An ac outlet is provided so that input 
current and voltage can be monitored. 
The entire system is then fired up and 
DUD is ready for a look-see. 

The heart of the computer system is 
the memory -tape bank and the tricolor 

DUD 
by ROBERT L. GOODMAN 

One beauty of this system is that it is 
like having a TV technician on duty for 
you 24 hours a day. When those tough - 
dog intermittent sets come into your 
shop-the ones that act up only every 
hour or two-this system is a natural. 
The set and the DUD system can be 
kept on all night, with the operating 
switch set at STORE. The next day the 
memory tape is reviewed for the previ- 
ous 24 hours. Any malfunction is again 
read out directly on the monitor screen. 

On a monthly basis, the testing 
system is updated by punch -card infor- 
mation fed into the system, and twice a 
year new memory tapes are added for 
all new chassis and production changes. 
Now that DUD has eliminated the 
tedious brain -racking usually associated 
with electronics troubleshooting diag- 
nosis, the service technician can at long 
last run enough sets through his shop to 

DUD monitor (left) displays repair instructions. Computer 
programer is in foreground, tape memory and tech files behind. 

When the picture or sound circuits 
do not contain enough information for 
accurate analysis, the readout monitor 
will ask for more information. This could 
be voltage or resistance measurements 
on a certain tube or transistor socket or 
section. In some cases, a waveshape 
analysis may be called for. For that, the 
DUD camera head is focused on the 
test scope and the waveform being sam- 
pled is analyzed by the computer in this 
manner. After the supplementary read- 
ings are obtained and fed into the com- 
puter, the system is recycled. 

The DUD system works equally 
well for tube or transistor TV and also 
for audio -amplifiers or radio testing. 

make a reasonable profit, if he doesn't 
lower his prices too far. The time and 
energy he saves can be spent paying 
more attention to the business side of 
his service operation. 

When full production begins, 
DUD systems will be available on a 
lease basis for about $200 a month. The 
system does not include the lab -type test 
scope. 

The worst problem the developers 
have run into to date is finding someone - 
to repair the DUD system. Once this 
problem is licked, they hope to have 
enough of these computer systems avail- 
able for most large TV service shops 
across the country by April 1. END 
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Lightning, Plasma and Balls of Fire 
A review of natural electrical discharges in the skies 

TO MOST OF US, LIGHTNING IS SOME - 

thing that comes naturally with summer 
thunderstorms, and we usually don't 
worry about it. It's only when this pow- 
erful atmospheric electricity oversteps 
the bounds of good manners that it be- 
comes a matter for attention. It's diffi- 
cult to overlook the explosive shattering 
of a large tree near your house, or a 
lightning -caused forest fire which rav- 
ages thousands of acres of valuable tim- 
ber. Worst of all is the stroke that snuffs 
out the lives of a family huddled away 
from a driving rainstorm under the 
branches of an old oak. 

Electronics technicians-like many 
other people-have long been aware of 
the lethal power of lightning. We know 
that human carelessness leads to serious 
injury and property damage caused by 
lightning. In the normal course of our 
work, we've established safety pro- 
cedures: Ground that antenna mast; use 
a lightning arrester on that lead-in. We 
have developed a healthy respect for the 
power contained in a storm cloud-and 

with good reason. 
A typical discharge of lightning re- 

leases nearly 100 million volts along its 
path-through which as much as 250,- 
000 amps of current flows. Tempera- 
tures reach 30,000°C, roughly five times 
the surface temperature of the sun. The 
stroke lasts only a few milliseconds, so 
the average power is low-typically from 
10 to 100 watts. But its energy, as we 
all know, has astonishing effects. We also 
know that this form of electricity is the 
least predictable. About all we can do 
is wait for it to strike. 

Early discoveries 
The apparently random and capri- 

cious behavior of lightning accounts in 
part for the belief in fire gods and other 
mystical beings among men of earlier 
civilization. Not surprisingly, some 
primitive cultures were strongly centered 
around the power of lightning, usually in 
the keeping of their strongest god. Even 
the Greeks and Romans had rather spe- 
cial views about atmospheric electricity. 

The common form of lightning is now believed to energize the type of "ball lightning" 
that may explain reports of several kinds of visual phenomena, including many UFO's. 

By ALLEN B. SMITH 

In Rome, for example, there was a 
body of especially learned men known 
as the College of Augurs whose sole pur- 
pose was to predict the will of the gods. 
To obtain this extremely important in- 
formation, the augurs observed the ran- 
dom action of birds, meteorites and com- 
ets, and lightning. Lightning, it was be- 
lieved, was controlled by Jupiter, the 
most powerful of Roman deities. The di- 
rection from which lightning struck, the 
quarter of the sky in which it was seen, 
its intensity and physical character-all 
these had significance in determining the 
will of Jupiter. 

Today, we have a far more scientific 
understanding of the causes and effects 
of lightning, but the new confidence with 
which we regard it is only as old as the 
experiments and observations of Benja- 
min Franklin. As one of a small number 
of educated men using the scientific 
method in studying natural phenomena, 
Franklin described, in 1750, an apparat- 
us to determine whether the electrical 
charge held within a cloud could be 
tapped off and carried harmlessly to the 
ground. The device was constructed first 
in France, but Franklin proved to his 
own satisfaction-during the famous kite 
experiment-that the charge could, in- 
deed, be grounded. He later described 
the construction and installation of light- 
ning rods and grounding systems based 
on these observations. 

Scientific studies of lightning in its 
various forms have been pursued by a 
surprisingly large body of scientists. In 
all parts of the world, visual, photograph- 
ic and physical observations have result- 
ed in a massive written record. Practical- 
ly every aspect of the phenomenon is 
quite neatly cataloged. 

Fire balls 
There is one significant exception, 

however. Like a thin wisp of smoke in a 
clear sky, descriptions of a maverick va- 
riation generally called "ball lightning" 
are found throughout the entire recorded 
history of lightning sightings. Refusing to 
follow the well-known behavior patterns 
of its common relative, ball lightning 
may roll along the ground, pop through 
an open window or down a chimney, 
ricochet off the walls of a house, sit on a 
fence, hum, buzz, hover, fade away or 
explode. Somehow, the first impression 
one gets in reading about the stuff is that 
everyone who claims to have seen it has 
a different story to tell. 

Following an extensive study of 
ball -lightning observations, scientist 
Donald J. Ritchie concludes that there 

40 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


a 

probably are two basic types. The first 
is a diffuse red ball which fades slowly 
without doing any apparent damage. 
The second is bright, bluish -white and 
decays rapidly with a loud explosion, 
charring and blasting nearby objects. 
The balls apparently range in size from 
an inch or so to as much as 30 or 40 
feet in diameter; the average seems to 
be about 1 foot. Their lifespan is any- 
where from a few seconds to 3 minutes 
on the average, yet Ritchie notes that 
one very, large ball was seen hanging 
below the base of a storm cloud for 15 
minutes. 

Probably the most unusual aspect 
of these electrical enigmas is that they 
move as if they had no appreciable 
weight, sometimes very quickly, some- 
times just barely creeping along, chang- 
ing direction rapidly and at random. In 
one incident, reported by eyewitness J. 
Durward (a one-time director of the 
British Meteorological Service), a ball of 
fire entered the cockpit of an airliner 
flying through a heavy thunderstorm. It 
passed in through an open window vent, 
singed the eyebrows of the captain, 
burned holes in his safety harness and 
flight case, bounced through the passen- 
ger cabin into the rear of the craft, 
where it burst in a loud explosion. 

In spite of literally hundreds of 
reported sightings in recent years, pho- 
tographs of ball lightning are extremely 
rare. Those which do exist have been 
judged by some investigators as frauds 
and by a few as due to other natural 
phenomena. Others, of course, believe 
that the pictures represent actual images 
of ball lightning. 

UFO's and lightning 
At this point you already may have 

formed the idea that many of the char- 
acteristics of so-called ball lightning al- 
so may be ascribed to at least one kind 
of UFO's (unidentified flying objects). 
In one famous case, investigated by 
John Fuller and reported in his book 
Incident at Exeter, 60 people observed 
some kind of bright and highly mobile 
object. It darted through the skies of 
Exeter, N. H., before disappearing. 
There seems to be no doubt that observ- 
ers actually saw something strange and 
captivating that night in September 
1965. Fuller's conclusion was that the 
shimmering glow which visited Exeter 
was a spaceship from a planet in an- 
other solar system. Even though such a 
visit is possible, Fuller's explanation 
doesn't seem too convincing. Exeter's 
spaceship sounds like many descriptions 
of ball lightning. 

Noted astronomer Harlow Shapley 
(fifth director of the Harvard Observa- 
tory) believes that perhaps as many as 
100,000 planets capable of supporting 
some form of intelligent life may exist 
within our own galaxy, the Milky Way. 

Harrison Brown of Cal Tech says a 
thousand or so. If either is correct, then 
at least one of these higher forms of 
life may wish to visit what must seem 
to them to be our remote and insignifi- 
cant solar system. But, all "evidence" of 
such visits seems poorly observed, bad- 
ly reported and devoid of scientific basis 
or credibility. Visual evidence, as we 
all know, can be extremely misleading. 

Until recently the subject of ball 
lightning was a muddled morass of un- 
supported observation. Like reports of 
flying saucers and other UFO's, it was 
regarded by most of the scientific com- 
munity as part of an interesting folk- 
lore, good for spirited conjecture and 
little else. In May 1966, however, two 
scientists at the Westinghouse Research 
Labs published a report that has added 
strong evidence that ball lightning actu- 
ally does exist. Its physical and electri- 
cal characteristics are described in care- 
ful detail. 

Drs. M. A. Uman and C. W. Hel- 
strom, with the assistance of a high- 
speed computer, have constructed a 
mathematical model that predicts the 
properties of ball lightning in terms of 
known physical forces. The Uman-Hel- 
strom model describes the ball in terms 
of current density, temperature and di- 
ameter. The descriptions agree in sur- 
prising detail with recorded observa- 
tions of ball lightning. 

As Fig. 1 shows, central tempera- 
tures in a lightning ball may range from 
3,500°C to 6,000°C, 58% to 100% of 
those found at the sun's surface. Cur- 
rent flowing within the ball itself varies 
from a few tenths to several hundreds 
of amps. The ball size is predicted as a 
function of temperature and of the cur- 
rent density that exists in the air be- 
tween the storm cloud and the ground. 

Fig. 1-Graphical representation of the 
Uman/Helstrom theory of ball lightning 
shows the limits of current density and 
current for balls of varying diameters. 

The theory also predicts that a ball hav- 
ing an 8 -inch diameter and a 5,000°C 
central temperature would be as bright 
as a 1,000 -watt light bulb. 

Electric gas 
Uman and Helstrom based their 

work on a phenomenon that's been 
known only a short time to physicists- 
the effect known as plasma. (Not to be 
confused with plasma-the fluid part of 
blood.) When a gas becomes ionized to 
the point that it contains a nearly equal 
quantity of electrons and positive 
ions, it's called plasma. How does it dif- 
fer from ordinary gas? For one thing, 
it's a good conductor of electricity. Al- 
so, it's affected by magnetic fields. 

We know that gas in its normal 
state is an electric insulator, and that 
application of intense electrostatic or 
electromagnetic fields will release free 
electrons and ions. Under these condi- 
tions, the gas becomes conductive and 
remains so as long as the gas -discharge 
conditions are met. The ionized gas con- 
sists of electrons, positive ions, and neu- 
tral molecules. The electrons and ions 
in a given volume of ionized gas tend 
to balance in number, because any ex- 
cess, either of ions or electrons, creates 
an intense electrostatic field that tends 
immediately to restore the condition of 
particle balance. 

Complete equilibrium for the io- 
nized gas depends additionally on the 
molecular density of the gas, its temper- 
ature and the degree of ionization. This 
total equilibrium normally exists for all 
degrees of ionization. In weakly ionized 
gases, the ratio of positive ions and free 
electrons to neutral molecules is very 
low. In strongly ionized gases, however, 
the ratio is high. And, in a completely 
ionized gas of specific volume, the den- 
sity of neutral molecules is zero. The 
resulting incandescent gas cloud is 
called a plasma. 

To put it another way: The ionized 
gas which generates the light in a 
fluorescent tube is weakly ionized; the 
controlled -fusion reaction of the sun 
with its extraordinarily powerful mag- 
netic field is a hydrogen plasma. 

Because large regions of the uni- 
verse and many specific stellar and neb- 
ular bodies now are assumed to be 
plasmas, the study of their characteris- 
tics is of basic interest to astrophysicists 
and cosmologists. Nuclear explosions 
produce matter that is almost com- 
pletely ionized, as do the superconduct- 
ing magnets used by physicists working 
to control the fusion reaction of heavy 
hydrogen. The entire concept of radio 
astronomy is based on the intense elec- 
tromagnetic radiation of stellar bodies, 
particularly the class of radio stars 
known as quasars-another form of ga- 
lactic plasma. 

Physicists often remark that plas- 
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Lightning, Plasma and Balls of Fire 
mas constitute the fourth state of mat- 
ter, being neither liquid, gas nor solid. 
No matter how one views them, cer- 
tainly their importance in achieving a 
better understanding of basic physical 
forces is hard to exaggerate. Plasma re- 
search undoubtedly will lead to con- 
trolled -fusion power, to pulsed -plasma 
engines of low thrust and extremely 
high (near the speed of light) velocities 
for interplanetary and interstellar space- 
craft, and to a more complete under- 
standing of how the entire universe was 
formed and developed. 

Lightning and plasma 
How does the Uman-Helstrom 

theory of ball lightning relate to the 
conditions of plasma generation? The 
electrostatic charge necessary for ioniz- 
ing a small volume of air lies between a 
highly charged cloud and the ground. 
The heating requirement is met by a 
lightning stroke-usually far in excess 
of the temperature needed to ionize the 
air completely. Still, there must be a 
missing ingredient. Otherwise, every 
lightning stroke would create a plasma, 
and ball lightning would be bouncing 
from wall to wall during every thunder- 
storm. 

According to research conducted 
at the Illinois Institute of Technology 
in which ball lightning was artificially 
generated, the volume of air from which 
the plasma is formed must differ in 
some way from the air that surrounds it. 
This difference may result from just 
the right distribution of dust particles, 
from random concentrations of foreign 
gases (hydrogen sulfide, methane, am- 
monia, etc.) or from almost any form 

of contamination that happens to be di- 
rectly in the path of a lightning stroke 
and in the presence of a strong mag- 
netic field. The relative rarity of ball 
lightning attests to the odds against all 
of these circumstances occurring simul- 
taneously and within the limits shown 
in the graph. But when they do occur- 
FIREWORKS! 

Once the plasma has been formed, 
the fireball is free to move in response 
to the constantly changing magnetic 
field surrounding it. When the cloud -to - 
ground currents are symmetrical around 
the ball and flow symmetrically through 
it, the net force is zero, and the ball 
hangs stationary in space. It has, after 
all, the same weight as the surrounding 
air. Any change in the distribution of 
the magnetic field will cause the ball to 
move. Further, any change in the sym- 
metrical shape of the ball also will im- 
part motion, due to a resulting distor- 
tion of the field. In particular, an 
elongated or cigar -shaped ball is very 
unstable and moves at high speeds. 

When the magnetic field support- 
ing the plasma collapses slowly, the de- 
gree of ionization is reduced and the 
ball, like an old soldier, just fades away. 
If the magnetic field collapses abruptly, 
or if the ball moves into an area shield- 
ed from the field, all the latent energy 
held in the ball is released at once. The 
result is an explosion, the severity of 
which depends on the size of the ball, 
the temperature inside it, the molecular 
current density and the strength of the 
field at the time of collapse. 

Well -documented accounts of this 
phenomenon have described massive 
damage to buildings, multiple deaths 

LOW 
CURRENT 

EQUAL VOLUMES OF GAS 
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Fig. 2-Weakly ionized gas has a high density of neutral molecules. Increasing ionization 
decreases number of neutral molecules. Completely ionized gas has no neutral molecules. 

from blast and burns, and other exam- 
ples of high-energy release. One of the 
most serious of these occurred during a 
tornado that struck a small village in 
Dartmoor, England, on a Sunday in 
October 1638. After being assaulted by 
high winds and lightning, a church (in 
which services had just begun) was 
bombarded by a fireball which moved 
through the main hall, severely burned 
several parishioners, then exploded. 
More than 60 persons were killed in the 
resulting blast and collapse of the dam- 
aged building. 

It's apparent that ball lightning. 
especially now that its formation and 
existence have been verified by mathe- 
matical computation and by the IIT ex- 
periments, may hold the answer to a 
variety of previously unexplained oc- 
currences. Foremost among these, of 
course, are the reports of UFO's that 
glow in night skies, move erratically at 
high speed with a buzzing sound, then 
disappear-either silently or with a loud 
report. 

This possible explanation for sev- 
eral types of UFO's is strengthened 
when we learn that a plasma may be 
formed in the vicinity of high -voltage 
power lines, even in particularly dry 
weather. What's more, operators of 
NASA's rocket -tracking radars, who 
follow the paths of satellite -launch vehi- 
cles, know that the plasma trail formed 
by a massive rocket is easier to obtain 
an echo from than the craft itself. 

Since the Air Force now has au- 
thorized a serious study of UFO's-in- 
terestingly enough, under the direction 
of the research and development branch 
rather than the intelligence agency as 
before-this new interest in plasmas and 
ball lightning surely will not go un- 
noticed. At this time. of course, we have 
no way of knowing whether further in- 
vestigation will show that ball lightning 
and other plasmas account for most 
UFO reports. 

If it does-and this seems likely- 
I'll be among those who will feel a little 
let down. I've been interested in some 
of the serious efforts in hooks and mag- 
azine articles that attempt to show that 
earth has been visited by visitors from 
outer space. Theories have been pro- 
posed describing members of some 
higher life form, whose home probably 
lies far beyond the comfortable con- 
fines of our own solar system. Frankly, 
I like the idea that the extraordinary in- 
terstellar and intergalactic distances can 
somehow be spanned despite the con- 
tradictions of our brief lifespans and 
the apparent limitation of the speed of 
light (186,000 miles per second) as our 
greatest attainable spaceship velocity. 

I'd like to believe the theories. But 
the evidence-scientific evidence- 
so far isn't convincing. Right now, I'll 
place my bets on the balls of fire. END 

42 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Convergence Without A Color Generator 
Imagine getting this timesaving letter in YOUR mai:bag 

Forest H. Belt, Editor 
Radio -Electronics 
154 West 14 Street 
New York, N.Y. 10011 

Dear Mr. Belt: 
About a month before Christmas, at 

one of the shops where I sometimes 
help out, the boss got in a supply of color 
sets for the pre -Christmas selling season. 
There were several dozen of them. 

He has this thing about making sure 
all new sets are checked out before 
they're even stored away, not to mention 
when they're out on the showroom floor 
(there, they have to be A-1 perfect). So 
he called me in to work with his two 
technicians setting them all up. He had a 
big promotion going out for his first 
heavy sale the next weekend, so there 
couldn't be any waiting around to get the 
sets ready. He wanted them all done, and 
in short order. 

We ran into a problem, though. He 
has only one color generator. Mine was 
on the blink, so we couldn't use it until I 
could find time to fix it. However. T did 
have an old video -dot -bar generator- 
one of the kind we used to check linearity 
in the days before color. It doesn't put 
out color bars, but it has a nice cross- 
hatch and can be used for gray -scale and 
convergence adjustments. We didn't real- 
ly need color bars anyway, because we 
could check out color operation on sta- 
tions. Seems there's almost always some- 
thing on in color nowadays. 

But that still left us with only two 
generators to do the important part: 
convergence. We thought about it awhile 
and then I happened to remember that a 

long time ago my video -bar generator 
had gone bad and I had used an audio 
generator for linearity adjustments. You 
know, you just clip it in right after the 
video detector and it makes horizontal 
bars on the CRT screen. So, I thought, 
why not use it for convergence? 

Sure enough, the boss had an audio 
generator (who hasn't?). It was only a 
sine -wave type, and it took some experi- 
menting to figure how to get the sharp 
bars you need for convergence. As you 
know, if you ever used an audio gen- 
erator for video or linearity tests, the 
smooth rounded rise and fall of a sine 
wave will cause a slow change on the 
CRT from white through gray to black. 
The bars aren't clearly defined, as you 
can see from my first photo (A), taken 
with the generator at 400 Hz. 

Overcoming that problem was less 
trouble than finding the right frequen- 
cies. That, too, took a little fiddling 
around, but in a short while I had it all 
worked out. Worked pretty good, too. 

In fact, it worked so well that I de- 
cided I should pass the whole idea along 
to you for your readers. I made up my 
mind to get a couple of older sets at my 
place later and take pictures and make 
careful notes. That way I could tell and 
show you exactly how this setup works. 
I took only black -and -white (I wonder 
if I should say monochrome?) photos, 
but I took the important ones up close 
and I hope you can make out from them 
what's going on. 

First of all, turn the set to some 
unused channel and connect the gener- 
ator directly to the input of the video 
stage. That's usually accessible as a test 

By ALAN JAMES 

point following the video detector. On 
some sets, I found it more expedient 
(easier to reach without pulling the chas- 
sis) to clip in before the video detector 
diode. No real difference in operation. 

One thing you have to keep in mind 
is the problem of sync. If the sync take- 
off point doesn't follow the point where 
you hook in the audio generator, you'll 
have a terribly unstable pattern, espe- 
cially on vertical bars. In one Zenith I 
used, for example, the sync has its own 
detector diode separate from the video 
detector. 

In every case of separate sync, the 
solution was the same: Clip a 15K resis- 
tor from whatever feed -in point you're 
using (for video) directly to a sync point 
just following sync takeoff. This locks 
the bars in solid every time. 

The secret of using sine waves for 
convergence is to drive the video stage 
in the receiver real hard. In fact, you 
overdrive it. If you do, you'll get sharper 
edges to the bars, and it's those edges 
that mean the most to you in converg- 
ence. The effect is slightly better when 
you feed in the audio signal before the 
video detector, as the diode has some 
tendency to clip a strong sine wave. 

To see what I mean about sharp 
edges, compare my photo B with photo 
A. Photo A was taken with the generator 
turned up just enough for good contrast -a little over a volt, usually. See how 
the blacks and whites fade gradually into 
one another? Photo B is with the output 
of the generator turned up to 5 volts; 
the edges are much better defined. The 
reason is that, when the video stage is 
overdriven, it tends to flatten (clip) the 
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Convergence Without A Color Generator 

tops of the sine waves. Sharper fronts 
and backs result. 

(I tried this system of convergence 
with a square -wave generator, too. With 
it, there is no need to overdrive, because 
the fronts and backs are already sharp. 
Photo C depicts how a square wave 
shows up on a color CRT. But, not every- 
one has a square -wave generator, so I'll 
stick to explaining the sine -wave 
method.) 

I'll tell you next how to select fre- 
quency. For horizontal lines. you can use 
any of several frequencies. It depends on 
how thin you want the lines to be. Start 
by swinging the generator dial until you 
get a few bars on the screen. A good 
place to begin is near 400 Hz, which pro- 
duces about six black bars with alternate 
white ones. Why six? Because 420 Hz is 

seven times the TV field rate (60 fields 
per second), so the generator signal goes 
through about seven complete cycles 
during each field. One bar usually gets 

lost in blanking, so you only see six of 
the full excursions. At 600 Hz, you'll see 
nine bars; again one is hidden in the 
blanking. 

If you have had to use the 15K sync 
jumper, the raster may appear to have 
shrunk, and you'll see fewer than six 
bars. The cause of this is the vertical inte- 
grator, which picks up the first couple of 
cycles and integrates them into a wide 
blanking bar. At higher -frequency set- 
tings of the audio generator, the inte- 
grator soaks up more of the cycles, be- 
cause the cycles are of shorter duration. 
This shorter cycle also makes the lines 
thinner. Therefore the blanked portion 
of the screen is also thinner, and the 
raster doesn't seem quite so shrunken. 
You can clear it up some by readjusting 
the receiver's vertical hold control. 

I found that running the generator 
frequency up to 1,200 Hz provides thin 
bars and allows the extra blanking to re- 
main near the top of the screen. Thus you 

can see the results of horizontal con- 
vergence at the top of the screen. At 
1,200 Hz, the pattern will look some- 
thing like photo D. You can see the lines 
clearly for convergence. Also notice the 
slightly shrunken appearance of the 
raster. 

For vertical convergence lines, your 
audio generator must go well above 
audio frequencies. For every vertical line 
or bar, the generator has to mark once in 
each horizontal raster line. For 10 verti- 
cal bars, then, the generator would have 
to be set at 10 times the horizontal sweep 
frequency of the receiver-at 157,500 
Hz (157.5 kHz). Because a little is lost 
in blanking, and to get thinner lines, I 
ended up using 252 kHz. If your genera- 
tor doesn't go that high, you can use the 
low end of an rf generator. 

If you find the vertical lines critical 
to adjust, it is probably because you 
haven't made the proper sync connec- 
tion. Without it, the vertical bars will 
wiggle and jiggle so much you can't use 
them. Photo E shows the kind of trouble 
I had without the sync jumper. 

With sync connection properly 
made, the pattern looks like photo F 
when you get the generator near the cor- 
rect frequency. When you're just a hair 
off frequency, it looks like photo G; and 
like photo H when you're right on the 
money. Lower frequencies will be a little 
easier to tune, but the bars will be thicker 
and not so well defined. 

Dynamic convergence by this meth- 
od is as easy as with a color generator. 
After you have checked purity and have 
set the static -convergence magnets, you 
can do the rest with the audio generator. 

What you want to watch are the 
sharp edges of each bar. You'll be able to 
see misconvergence best in the whites, of 
course. Start with vertical bars (252 
kHz), as most set makers recommend. 
Kill the blue gun (the 100K resistor 
from CRT grid to ground is still a good 
way) and check red -and -green vertical 
convergence. Photo I shows the blue gun 
cut off, with red and green not quite 
converged. Photo J was taken after I 
converged red and green with the con- 
vergence -board controls to get yellow 
solid. Turn the blue gun back on (photo 
K shows blue slightly misconverged). 
Photo L shows the blue vertical neatly 
tucked away behind the yellow, where it 
belongs to make white. 

Go through the same procedure 
with horizontal bars (1,200 Hz). The 
photo sequence comprising M, N, O and 
P shows how the pattern looks at various 
stages: blue gun off, with red and green 
misconverged; red and green con- 
verged; blue gun back on, but not yet 
converged; and, finally, all converged. 

The last step is to check gray -scale 
tracking, and the sine -wave generator is 
great for that. Turn the output level of 
the generator down to the gradual shad - 
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ings you saw back in photo A. If the gray 
tones don't track-that is, if they don't go 
from white to black without a trace of 
color shading-go through the gray - 
scale adjustment procedure recommend- 
ed for the receiver. 

I hope your R -E readers can get 

some use out of this idea. It pulled us out 
of the bind we were in trying to get all 
those sets ready for Christmas. (One of 
the bench technicians liked the system so 
well that he built a small battery -oper- 
ated transistor unit to carry along on 
outside calls. He made it with only two 

fixed frequencies, crystal -controlled at 
189 kHz and phase -shift -tuned at 1,200 
Hz. With one stage of amplification after 
the oscillator, it works great, according 
to hint.) 
Regards. 
Alan .lames END 
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A CB LIGHTNING ARRESTER 
Protect your valuable equipment-and yourself-with this simple device 

I STOOD AT THE WINDOW OF MY DEN, 

golf bag in hand, watching the rain 
scouring the sidewalk. The sudden show- 
er was washing out my weekly game with 
Bob, a friend of mine who operates a 

CB repair shop. As thunder rumbled in 
the distance, I became aware off a crack- 
ling sound coming from my CB rig on 
the desk behind me. 

Though I quickly turned off the set, 
I could still hear sparks inside. I jerked 
the electric cord out of the wall socket 
and then gingerly disconnected the coax 
from the still crackling set. It was then 
I noticed tiny sparks jumping from the 
center of the coax connector to the 
shield. I instantly dropped the connector 
and it fell against a radiator pipe. The 

fireworks subsided. 
After a while, the storm subsided 

also, and I decided to keep my golf date. 
Maybe Bob could explain what had hap- 
pened. After all, I thought, I bought the 
rig from him and didn't he guarantee it? 

Besides showing me a few things 
about golfing that afternoon, Bob also 
told me some facts about antennas and 
static electric charges. 

"Your antenna wasn't hit by light- 
ning," he began. "But it doesn't take a 
direct hit to cause trouble. You had a 

case of precipitation static, which does 
not even require lightning. It can happen 
in rain, sleet, snow or even in a high 
wind. What happened to your system 
could happen to any ungrounded anten- 

na. I repair a lot of rigs with burned -out 
antenna coils and arced -over loading ca- 
pacitors. Sometimes I even have to re- 
place coax transmission line because it 
has shorted." 

"Come on . . . what are you 
building up to? My mast is grounded," 
I said, just to keep him on the right 
track. 

"Doesn't matter, when the antenna 
itself is not grounded. I tried to tell } ou 
that when you put up that quarter -wave 
ground. plane last fall." 

"You told me to ground the anten- 
na lead-in whenever the rig was not in 
use. But who's going to remember that 
every time?" 

Bob took a pencil from his pocket 

TO 
TRANSMITTER 
OR 
RECEIVER 

REMOVE I/2° INSULATION. 
SOLDER SHIELD TO CENTER 
CONDUCTOR AND GROUND 

STUB 13 SHORTED AT 

GROUND END 

Fig. I-Install grounding stub anywhere between tower (or mast ) and buildiiig. faun single wire from stub bottom to earth. 
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and began to sketch on the back of the 
bill the waitress had left on our table. 

"No," he said, "what I told you was 
that you could leave the antenna perma- 
nently grounded, even while you're on 
the air, if you do it right." 

He handed me the sketch (and the 
lunch tab! ). He had drawn the diagram 
you see in Fig. 1. 

"Oh, come on. Bob. You mean all 
I have to do is cut the coax transmission 
line anyplace, attach some fittings, and 
run another piece of coax to ground?" 

"Yep! That's about it. But there's 
one catch. The coax you add must be 
exactly one quarter -wavelength long." 

I handed the lunch bill back to him 
and asked how to figure the length of a 
quarter -wave. 

"Simple." He grinned: "Just divide 
246 by the frequency in megahertz, and 
multiply by the velocity factor of the 
coax line. This gives you the length of a 
quarter -wave, in feet." 

"Oh, is that so?" I said, trying for 
my most intelligent voice. 

"Well, if you use polyethylene coax, 
which is the most popular kind, it has a 
velocity factor of 0.66. You just divide 
246 by 27.085, which is the middle of 
the CB band, and then . . ." He paused 
a few minutes while he scratched away 
with his pencil. 

"It comes out to 5 feet 113/4 inches. 
If you want to use polyfoam coax, the 
velocity factor is 0.8. Length then is . . . 

7 feet 3'/s inches." 
He slid the bill back to me. 
"That's nice," I told him. "But what 

do I do if a quarter -wave isn't long 
enough to reach the ground?" 

"You can add an extra piece of 
ground wire to the end if you need it. 
The only critical part is to be sure the 
shorted point of the coax stub is exactly 
one quarter -wave from the point where 
it leaves the lead-in. Solder the shield to 

TO ANTENNA 

TO XMIT/REC 

TO GROUND 

Stub has a tee connector at one end, a short at the other. 

If the tower is near the house, it's convenient to install the 
stub and tee connector on a leg. Tape the cable securely. 

the center conductor and from there on 
use any kind of good conductive wire to 
reach the ground. Use a ground clamp 
and hook to a water pipe if you can, or 
else pound a stake into the ground." 

I still couldn't see how I could get 
any signal on the air with a grounded 
transmission line. There was still a little 
space left on the back of the bill, so I 
slipped it back to him and asked for a 
simple explanation. 

Bob drew the sketch of Fig. 2 and 
explained, "Here's a graph of how volt- 
age and current would distribute them- 
selves on a pair of wires cut to one full 
wavelength at the applied frequency. if 
the two wires were shorted at one end. 
The solid line is the voltage alternation, 
and the dotted line is the current. 

"Here at the shorted end, the volt- 
age between the wires is nearly zero and 
current through the shorting bar is maxi- 
mum. Current and voltage along the 
line are 90° out of phase. 

"Now, you can see that in any quar- 
ter -wave section of the line the voltage 
is maximum, and current is minimum at 
one end of the section while conditions 
are just the opposite at the other end of 
that section. 

"Electrical impedance is to rf en- 
ergy what resistance is to dc. Impedance 
is maximum where voltage is maximum 
and current is minimum. This point is 
one quarter -wave from the shorted end, 
at the point where the stub connects to 
the lead-in. 

"If you use only this last quarter - 
wavelength for your ground stub, then 
the end connected to the antenna lead-in 
will have very high impedance to radio 
signals. Static voltage from the atmos- 
phere, however, develops as dc, and 
there is no impedance (resistance) for 
that. In fact, the antenna and lead-in will 
be grounded directly, preventing any 
static buildup." 

"It sure will . . . I think," said I. 
"How about making up one of those 
quarter -wave grounding stubs for me, 
of buddy?" 

We left (guess who paid the lunch 
bill), and the next week he fixed one up 
for me. Here's a picture of the stub, and 
another of the finished installation. 

My rig works fine again (after Bob 
replaced the loading capacitor and an- 
tenna coil). He assures me I'll never have 
any more trouble with static charges. 

END 
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Fig. 2-The voltage is always minimum at one end of a quarter -wave section of line. 
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The Nomorule in Electronic Calculations 
Part 2-More uses for last 
month's Nomorule: How to 
multiply and divide by using 
logarithms; trig functions 
and some practical examples 

By JOHN H. FASAL* 
THE BASIC NOMORULE DESCRIBED IN PART 
1 is repeated here as Fig. 1. We showed 
that you can multiply two numbers by 

*Assistant chief engineer, Alarms Engineering, 
Walter Kidde Co., Belleville, N.J. 

aligning a straightedge across one on 
scale A and the other on scale C, and 
reading off the product on scale B. If 
you have more than two factors, you 
must transfer the first product back to 
either scale A or scale C, to use it as a 

Radio -Electronics 
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Fig. I-Here is the Nomorule again, repeated from last month. Cut out and mount it on cardboard. 

CALCULATOR 
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factor in the next product. 
If any number at B is aligned with 

1 on scale C, the line will intersect the 
same number at A. This is true because 
B = AC, and in this case C = 1, so 
B = A. Thus we can transfer the number 
from B to A without changing it. 

We can also transfer a number 
from B to C. Let a line intersect the 
number at B with the top index (0.1) at 
D. At C we will find 0.1 B. The equa- 
tion used is C = B/A = BD, and D = 
0.1 in this case. We must remember to 
multiply the transferred number (A) 
by 10 to make it equal the original num- 
ber at B. 

Another transfer is possible using 
10 on scale C as pole (or pivot point). 
Align it with the number at B, and find 
the answer at A. We are using the equa- 
tion A = B/C with C = 10. Therefore 
A will be 0.1 B and it must be multiplied 
by 10 to equal B. 

The Nomorule is ideally suited for 
calculations with trigonometric func- 
tions. To find the sine of an angle (such 
as 30°) look for the angle on the "sin" 
scale and align it with either point R or 
point S on the fourth scale (Fig. 2). The 
answer is found on B, the center scale. 
Values of sine for angles between 6° and 
90° lie between 0.1 and 1. For better 
accuracy, align with point R if the angle 
is smaller than 18° (midway up the "sin" 
scale). Use S for angles larger than 18°. 

Sine or tangent values for smaller 
angles, between 36' and 6°, are based on 
the "sin -tan" scale and are calculated in 

the same way. All readings found on the 
B scale, lie between .01 and 0.1. 

To find the tangent of an angle 
larger than 6° use the "tan" scale. Align 
the given angle (for example, 20° as 
shown) with either point P or point Q of 
the second scale. The answer is tan 20° 
= 0.364, as shown in Fig. 3. An angle 
smaller than 45° has a tangent smaller 
than 1. 

When the angle is greater than 45°, 
use the equation tan B = cot (90 - B) 

1/tan (90 - B). For example, tan 
70° = cot 20° = 1/tan 20°. To find 
tan 70°, determine tan 20°. Transfer the 
reading from B to the inverse scale D as 
shown by the phantom lines of Fig. 3. 
In other words, we have transferred tan 
20° to scale A, then found its reciprocal 
at D. This indicates 1/tan 20° or tan 
70°, which is 2.74. 

For cotangents of angles smaller 
than 45°, use the formula cot B = 1/tan 
B. Determine tan B on scale B, then 
transfer reading to inverse scale D. For 
angles larger than 45°, use cot B = tan 
(90 - B). The reading appears on scale 
B directly. 

You can find common logarithms 
by using the "log" scale with point P or 
point Q on the second scale, and the B 
scale. Align the number (for example, 
6) at scale B with P or Q and read off 
the logarithm on the "log" scale, as 0.78. 
To find log 6,000, write it as 6 X 102, 

and add the corresponding logs. The 
answer is 3.78. Log 2 is also shown in 
Fig. 4: 0.301. 
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Now how about a couple of prac- 
tical electronic examples worked out on 
the Nomorule? Let's say we want to find 
the resonant frequency of a circuit hav- 
ing L = 2.5 X 10' henries and C = 1.6 
X 10-9 farads. The frequency is 

f = 1 100 

27rVLC 22rß/2.5 X 1.6 
Align 2.5 on scale A with 1.6 on 

scale C, as in Fig. 5, and find the product 
4 on scale B. The square root is read off 
directly as 2 on scale E. A point on scale 
B may be transferred to either scale A 
or C, as we've said before. But you can't 
do it that way from E. Instead, use a 
"cross alignment" onto scale C, like this: 
Connect 2 on scale E with (1) on scale 
C, intersecting the "tan" scale. Through 
this intersection draw a line through 1 

on scale E, giving a point on C which is 
identical to the original point on E. 

The next step is to multiply by 27r 
on A. This gives us 12.56 (scale B). 
Transfer this value to A, using 10 (scale 
C) as pole. We are using the relation A 
= B/C where C is 10. Therefore, the 
value at A has been reduced by a factor 
of 10. It is restored to its correct value 
by multiplying by 10. Instead of 1.256 
(scale A) we actually have 12.56. The 
last step is to find the reciprocal of 12.56, 
which is .0795 (scale D). Multiplying by 
106 (see formula above), we get the fre- 
quency: 7.95 kHz. 

Several problems are worked out in 
Fig. 6. The inductive reactance of a 
coil (XL,) is given by °,L where 11, is 277f. 
Let f = 6 X 10, and L = 5.6 X 10'. 
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The Nomorule in Electronic Calculations 

First find 224 = 37.7 X 10 as shown. 
Now transfer this result from B to A. 
using 10 on C as pole. We know that this 
transfer divides the number by 10, so we 
must multiply by 10 to compensate. We 
have, therefore, 3.77 X 102 at A. Now 
multiply this by the value of L (at C) 
and obtain the reactance as 21.1 X 10 at 
scale B. 

Other examples in Fig. 6 show how 
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Fig. 4 -How to read the logarithm of a number (at the left) 

to convert frequency to wavelength. The 
300,000 

formula is f - , where f is in 

kHz, X in meters, and 300,000 is the 
velocity of light in km/sec. The Nomo - 
rule shows that 416 meters corresponds 
to 720 kHz; 857 meters corresponds to 
350 kHz and 250 meters to 1.2 MHz. 

As a last example, let us calculate 
the Q at 5 kHz of a coil with 0.4 henry 
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Fig. 6 -Inductive -reactance, frequency/wavelength problems 

Fig. 7 -Rapid method of calculating the Q factor of a coil. 

inductance and 628 

accordance with the 

ohms resistance, in 
fL 

formula Q = 27R 

R 
10-1) 

Fig. 7 shows 
22x(5 X 10') (4 X 

628 
how. The first product is read off as 31.4 
X 10' on B. Transfer this result to C by 
using the top index (0.1) on D as pole. 
Line TR shows this. Align this result 
with 4 X 10-1 at A, and we find 12.56 X 
10' at B. Transfer this to C (line TR'), 
then divide by 0.628 X 10' at D. The 
result is 2 X 10. END 
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Efficiency -Testing Air -War Tactics 
Electronics plays a major role in a new Air Force program which 
makes extensive use of telemetry equipment. Flight information is 
transmitted to ground stations continuously By JACK DARR 

SUNLIGHT GLINTS FROM THE WINO OF 

an Air Force F-105 as it appears over 
the Ouachita Mountains in Arkansas. 
Seconds later, the low -flying jet flashes 
over a meadow filled with strange ob- 
jects and disappears rapidly behind a 
steep ridge. A young man, standing by a 
barbed-wire fence, clipboard in hand, 
watches closely as the fighter swooshes 
overhead. He marks a notation on a 
sheet of paper, then sits down again. 
Several cows in the next field go on graz- 
ing. A peaceful scene. 

Apparently, nothing much has hap- 
pened-or has it? Yes, indeed it has! 
During the few seconds the young tech- 
nician watched the jet, a network of 
electronic sensors recorded every detail 
of the low-level pass and transmitted 
the data to three C-130 transport air- 
planes, circling on station several miles 
away. The telemetric data was stored 
on tape by a crew in each C-130 for later 
evaluation. 

This was one "event" in a test be- 
ing conducted by Joint Task Force Two 
of the Department of Defense (DoD). 
The primary purpose of the high-speed, 
low-level pass was to collect informa- 
tion that might improve a jet pilot's 
technique in locating and destroying 
ground targets during low -altitude at- 
tack. In 1964, the Pentagon decided 

there were not enough data on strategic 
pilot/aircraft operations at low alti- 
tudes. The DoD's Weapons Systems 
Evaluation Group proposed a series of 
tests that would collect new information 
on combat air strikes at low altitude. 

Joint Task Force Two (JTF-2) 
was organized to run the project and 
placed under the command of Air Force 
Maj. Gen. Winton R. Close. The first 
test series was run in the Nevada desert 
area north of Las Vegas in 1965; the 
second during 1966 in the Ouachita 
Mountains area of Arkansas. 

The test area for the second series 
extends from slightly north of Alex- 
andria, La.. to just south of Fort 
Smith. Ark. Flying from England AFB 
in Louisiana, each "attacking" aircraft 
follows one of two navigation corridors 
until it reaches the simulated target 
area. The target site also provides two 
options, and typical "targets" are set up 
at several points along each path-fuel 
dumps, radar and missile sites, etc. Be- 
fore takeoff, the pilots get an intensive 
combat -style briefing for each mission, 
with aerial reconnaissance photos and 
all other data that would be provided 
for a "live" combat mission. 

Combat aircraft from all armed 
services are used, ranging from the giant 
B-52 Stratofortress to the F-105 Thun - 

Technician performs final checkout of equipment pod slung beneath fuselage of Air Force 
F-105 jet fighter prior to low-level simulated mission. Pod contains telemetry gear. 

derchief of the Air Force and the Navy's 
A-4 Skyhawk. They fly in three "altitude 
bands" to determine which approach 
gives the most consistent success. Ap- 
proach altitudes range from near ground 
level to a maximum of 900 feet. 

The operation is designed to get as 
much data as possible about everything 
that happens during a low-level mission. 
This is where electronics equipment 
plays a large part. Without complex in- 
strumentation, data transmission, and 
data recording and evaluation tech- 
niques, the tests would not be possible. 
Each split second during every low-level 
simulated attack, the speed, altitude, po- 
sition and flight attitude of the aircraft 
are sensed and transmitted by telemetry 
to the data recorders in the C -130's. 

When the pilot reaches a target 
area, the precise split second at which 
the aircraft radar "sees" the target is 
detected and recorded. A similar re- 
sponse is obtained from a radar device 
which is part of the "target." 

Although each test normally uses 
only one aircraft, the instrumentation 
system has a capability that would per- 
mit storage of data from as many as 12 
planes flying missions simultaneously. At 
the end of each day's testing, the data 
tapes are flown to JTF-2 headquarters 
at Albuquerque, N. M., where they are 
processed through computers. 

The instrumented navigation and 
target range over which the tests are 
conducted is operated by the Sandia 
Corp., prime contractor for JTF-2, with 
assistance from the engineering firm of 

Calibration and service instruments are 
used to check out telemetry devices. 
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Part of the GSIP instrument package. The three optical de- 
vices on the platform record light levels of sky and target. 

Antennas and equipment cases contain radar -range trans- 
ponder, central timing recorder and aircraft tracking units. 

Efficiency -Testing Air -War Tactics 
EG&G. A technical staff of 30 engi- 
neers, site observers and technicians 
takes care of the electronic equipment. 
Flight control is handled by military per- 
sonnel from all armed services. 

How it's done 
Each test aircraft carries a stream- 

lined "pod" that holds several instru- 
ments. A radar altimeter gives the exact 
altitude. Three accelerometers read ac- 
celeration (any outside force change) in 
all directions. Two gyros read pitch and 
roll, and provide a heading reference. 
An L -band (1,450 -MHz) radar trans- 
mitter is used in conjunction with a re- 
ceiver at the ground site. A C -band (4,- 
375 -MHz) radar transmitter also is lo- 
cated in the equipment pod. Other trans- 
mitters are used with the distance meas- 
uring equipment (DME) so the exact 
geographical position of the plane can 
he determined at any time. 

A telemetry encoder/transmitter 
records and send out data continuously 
during each flight. Inside the aircraft 
cockpit. the pilot has a control referred 
to as a "pickle" button. When he first 
sees the target, he presses the button 
and the exact acquisition time is re- 
corded. When directly over or beside the 
target, he "pickles" again: this, too, is 

recorded. In the nose of the pod, a 16 - 
mm motion -picture camera makes a 
continuous film record of the terrain, 
light conditions, visibility of the target, 
and provides a permanent record of 
what the pilot sees as he approaches the 
target. 

At each target site, tucked in 
among the dummy radars and other 
staged targets, a ground -site instrumen- 
tation package (GSIP) works with the 
in-flight transmitters and transponders. 
An L -band receiver picks up the signal 
from the transponder in each GSIP at 
the exact moment the aircraft comes into 
view over the horizon or "unmasks," 
and records also the instant that the 
plane is "remasked" (disappears from 
sight). 

Four photometers in the pod give 
readings of the light conditions, sky con- 
ditions, light reflected from foliage 
around the target areas, and so on. A 
long-range "telephotometer" reads the 
light in a direction parallel to the line 
of flight. 

All input data are encoded in pulse - 
code -modulated (PCM) form for tele- 
metric transmission. It can be recorded 
at the GSIP site, transmitted to the 
C-1 30's for recording, or both. 

The heart of the system is the air- 
borne recording center. Three such cen- 
ters make up the data -recording system, 
one installed in each of the C-130 trans- 
ports. Multiple -channel tape recorders 
can receive as many as 56 channels of 
PCM data simultaneously. One aircraft 
is stationed on each side of the test area 
during each flight event. To provide a 
true -distance reference, they determine 
their own exact position by means of 
simultaneous "slant -range" measure- 
ments to DME stations set up around the 
area. The position of each C-130 is de- 
termined continuously within x-10 feet 

at all times! That's accuracy. 
All measurements and tests would 

have little meaning without some meth- 
od for exact timing. To establish an ac- 
curate time reference, a centrally lo- 
cated 10 -kW timing transmitter sends 
out IRIG-B (Inter -Range Instrumenta- 
tion Group) time signals. The timing 
signal is checked continuously against 
WWV and employs a coded form for 
time -signal transmission. The main fre- 
quency is 1 kHz, and coded "bursts" at 
greater amplitude provide day, hour, 
minute and second information that is 
recorded along with all other data for 
later evaluation. The IRIG-B generator 
is energized and calibrated at the begin- 
ning of each test. By checking against 
the time reference. the exact time of 
any event can he determined to within i 1 msec, even closer if necessary. 

In addition to the many TM data 
channels, a complex radio -communica- 
tion network allows complete control 
of the entire operation from the central 
site at Mena. Ark. Two vhf channels, 
three uhf channels (air -to -ground and 
air-to-air between the C -130's. the 
ground stations and the test aircraft) 
and three high -frequency channels are 
used, plus telephone, teletype (TWX) 
and the military "hot line." 

The success of the entire program 
can be judged from the fact that more 
than 4,000 miles of tape have been proc- 
essed. More than 20 billion separate bits 
of information have been collected. Just 
another example of the tremendous ca- 
pability of telemetry, this program has 
done much to advance the progress of 
aeronautical science. END 
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Erecting Towers on Bonded Roofs 
Beams and towers can be put on roofs covered by insurance-if you 
know how. Protect yourself, the customer, and the insuring firm, and 
you'll get the job By JAMES A. GUPTON, JR. 

TECHNICIANS WITH EXTENSIVE EXPERI- 
ence in erecting antennas on houses, 
apartments and small commercial build- 
ings often avoid jobs involving a "bond- 
ed" roof. There is no reason, however, 
why a good antenna installer can't do a 
perfectly good job on any roof- 
bonded or not. The only difference in 
the two kinds of jobs is that the bond- 
ed roof is guaranteed by a bonding com- 
pany not to leak. All you must do is to 
be sure that you don't void that guaran- 
tee. The whole idea is to provide the 
building owner with protection against 
damage to his merchandise and the in- 
terior of the building. It's a kind of in- 
surance policy. 

The roofing contractor builds the 
roof to certain minimum standards, usu- 
ally those set by the bonding company 
itself. The bonding company then in- 
spects the finished job and certifies that 
it was completed according to specifica- 
tions. It then guarantees the building 
owner the roof is sound and backs up 
the guarantee with a promise to pay 
damages if it fails. When installing an 
antenna on a bonded roof, therefore, 
all you have to do is conform to the 
specifications set by the bonding com- 
pany and have the finished job inspected 
and accepted by the company's inspec- 
tor. He will certify that the roof has in 
no way been weakened or damaged by 
your installation. 

An important thing to remember is 
that if you have a written statement of 
acceptance from the bonding company 
inspector and have followed his specifi- 
cations and recommendations, and can 
prove it, you will not be held liable. 
That liability is the responsibility of the 
bonding company. As in so many 
commercial agreements, cooperation is 
the answer to satisfied customers; that, 
and doing a first-rate job. 

The Florence -Darlington Technical 
Education Center in Florence, S. C., is 
a good case for illustration. The prob- 

lem was to install a 200 -lb antenna tow- 
er on a flat roof. Guy -wire pull added 
more download, and the mast was 
climbable, so additional weight of work- 
ers on the tower also had to be consid- 
ered. The installation then had to be 
formally approved by the bonding com- 
pany. 

The first step was to determine the 
correct tower position. The bonding 
company required the tower to be 
placed on or astride a "load -bearing 
wall." This is a structural wall used to 
support roof members. There were sev- 
eral load -bearing walls at the TEC, and 
it was possible to find one at the center 
of the building. Having located the tow- 
er position, a suitable tower base was 
designed to assure a safe load distribu- 

lion across the actual roof -contact 
area. The base consisted of two oak 
timbers joined by a steel cross plate on 
which the tower itself was mounted. 
The timbers were laid flat on the roof 
and distributed the weight evenly. 

The two 4 x 4 -inch oak timbers, 
10 ft long, were chemically treated for 
protection from rot and insects. Half - 
inch lag screws were used to attach the 
20 x 40 x 1/4 -inch plate to the timbers. 
Three 1 -inch -diameter steel posts were 
welded to the plate to locate and anchor 
the tower legs. A 3/8 -inch bolt was then 
passed through each tower leg and each 
base post. 

Two troughs were constructed of 
galvanized steel sheet to hold the tim- 
bers and provide a 1 -inch clearance 
around the timbers. These "tar sinks" 
were then filled with tar which was al- 
lowed to overflow onto the roof itself, 
providing a tight bond. The weight of 
the tower and its antennas and its guy 
pull totaled 227 lb, and the base with 

The tower base lies astride a load -bearing wall (indicated by the broken, dashed line) to 
distribute the tower weight evenly over a major structural member of the roof itself. 

APRIL 1967 53 

www.americanradiohistory.com

www.americanradiohistory.com


Mounted on the four corners of the Detail of the turnbuckle mounting shows anchor bar passing through eye, welded to 
building, the posts anchor guys firmly. open end of the angle iron. Wrapping the buckle tightly keeps it from twisting loose. 

Erecting Towers on Bonded Roofs 
tar sinks totaled 100 lb. The total weight 
of 327 lb, when distributed over the 
roof -contact area of the base resulted 
in a contact load of 0.340 lb/sq in. How- 
ever, this load is distributed over 4,800 
sq in. of roof area, giving an overall 
roof stress of only .069 lb/sq in. 

To mount the base on the roof, all 
stone was removed from the mounting 
area. The tar sinks were set directly on 
tar roof base. The "H" base was then 
placed in the sinks, and the hot tar was 
poured in. Replacing the stone com- 
pleted the tower -base installation. 

Before erecting the tower, four guy 
posts were constructed from 4 -inch an- 
gle iron and 4 -inch strap. A section of 
the angle iron 18 inches long was weld- 

ed, as shown in the photo, to an L- 
shaped steel strap. The strap formed a 
base and was 24 inches along each leg. 
One assembly was bolted to each of the 
four corners of the building. A second 
1 -foot section of 4 -inch angle was weld- 
ed vertically to the first to provide 
clearance for the aluminum wall cap. A 
1/2 -inch steel bar was welded across the 
angle to hold each guy turnbuckle. 

There are two acceptable methods of 
guying towers: where space permits, 
three wires spaced at 120°; for limited 
space, four wires spaced 90°. It's desir- 
able, for single or midguys, to have 3 
feet of base -to -guy -post distance for ev- 
ery 2 feet of tower height. On small 
buildings where the 3 -to -2 ratio cannot 

be used, four -wire guying, with a small- 
er ratio, will provide sufficient support. 

The four guy posts used at the TEC 
were bolted to the building walls with 
'/z -inch lag screws driven into lead an- 
chors inserted into the walls. The guy - 
wire turnbuckles were attached to each 
guy post by slipping the l -inch steel 
bar through one turnbuckle eye before 
welding the bar to the guy post. After 
erecting the tower, the guy wires were 
tensioned, and regular guy -wire clamps 
were applied to secure them. Excess 
wire was then wrapped neatly around 
the turnbuckles and tied to prevent 
wind vibration from loosening them. 

When the installation was com- 
pleted, the bonding company arranged 
for inspection and accepted the job 
without question. Another satisfied cus- 
tomer and a still -safe bonded roof. END 

WHAMS YOUR EQ? 
Conducted by E. D. CLARK 

Network Problem 

Given the above values, what's the 
value of RO-Joseph P. Hallisey 

Two puzzlers for the student, theoretician 
and practical man. Simple? Double-check your 
answers before you say you've solved them. If 
you hove an interesting or unusual puzzle (with 
an answer) send it to us. We will pay $10 for 
each one accepted. We're especially interested in 
service stinkers or engineering stumpers on ac- 
tual electronic equipment. We get so many let- 
ters we can't answer individual ones, but we'll 
print the more interesting solutions-ones the 
original authors never thought of. 

Write EQ Editor, Radio -Electronics, 154 West 
14th Street, New York, N. Y. 10011. 

Answers to this month's puzzles are 
on page 87. 

Polarity Straightener 
Within a certain voltage range, out- 

put volts equals input volts in the above 

box. No matter which way the input is 
polarized, however, output remains po- 
larized as shown. Do you know what's 
in the box?-David A. Hinton 
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TELEVISION'S 40th BIRTHDAY 
An account of what was probably 
of live TV by both wire 

the world's first demonstration 
and wireless By RONALD L. IVES 

FORTY YEARS AGO THIS MONTH -ON 
April 7, 1927, a select group of scien- 
tists, engineers and press representatives 
assembled in the Bell Telephone Labs 
auditorium on West Street in New York. 
They were there to witness a public 
demonstration of wire television from 
Washington. D.C., and of radio televi- 
sion from Whippany, N.J. 

It's hard for us now, in this time of 
television in almost every home, bar and 
hospital, to imagine the excitement in 
the auditorium that evening. Remember 
that though all the people present there 
had seen motion pictures, none had ever 
seen a moving image that was not 
stored. This one was being created live 
at virtually the same instant it was being 
seen-and being transmitted (in one 
half of the demonstration at least) with- 
out wires! 

Let's watch what happened. As the 
guests drifted in, before the demonstra- 
tion itself, they heard Johann Strauss' 
"Tales from the Vienna Woods," played 
on what was then the world's finest high- 
fidelity system. When everyone had as- 
sembled, there were short welcoming 
speeches by AT&T president Gifford 
and by Frank Jewett, president of Bell 
Telephone Laboratories. Then Dr. Her- 
bert E. Ives, director of electro -optical 
research at the Labs, explained how the 
equipment worked. 

As soon as he finished, he gave a 
signal and the Washington operator, 
Miss Edna May Homer, appeared on 
the screen and said Mr. Hoover was on 
the line in Washington and wanted to 
speak to Gifford. Miss Horner moved 
aside, and the Hon. Herbert Clark 
Hoover, then Secretary of Commerce, 
appeared on the screen. He spoke brief- 
ly, beginning with the words, "It is a 
matter of just pride to have a part in 
this historic occasion . . ." Perhaps the 
occasion turned out more historic than 
Mr. Hoover knew. He was elected Presi- 
dent the next year, and so became the 
first President of the US to have ap- 
peared on television! 

Later, via a small screen, guests in 
New York City saw friends in the Wash- 
ington station (a converted funeral par- 
lor) and talked to them. 

All this was over wire lines. Then 
the equipment was switched to rf-car- 
rier transmission, and the party was 
treated to a variety show put on by the 
Whippany radio research station staff. 

A yard -square neon lamp 

What kind of equipment transmit- 
ted these first television images? This 
was before the cathode-ray tube, and 
before the TV camera tube was a com- 
mercial reality. Let's peer back for a 

The late Dr. Herbert E. Tres of Bell Telephone Laboratories 
beside television recciring screen used in the 1927 broadcast. 

moment to get a view with some histori- 
cal perspective. 

Television of 1927 was the embodi- 
ment of some ideas that were centuries 
old, and of some very practical discov- 
eries at least a few decades old. That 
most amazing of Rennaissance scholars, 
Roger Bacon, who lived during the 13th 
century, mentioned "seeing from a dis- 
tance" as a philosophical notion. A Ger- 
man named Athanasius Kircher (1601- 
80) discussed it in more practical terms 
and also considered long-distance sound 
communication. The photoresistive ef- 
fect, essential in modern television cam- 
eras, was discovered by Willoughby 
Smith in 1873. The principle of scan- 
ning, by which an image is broken up 
into discrete bits, was worked out by 
Peter Nipkow in 1884. 

The picture transmitter for the 
1927 demonstration consisted of an in- 
tense light source scanned across the 
subject by a Nipkow disc. Light re- 
flected from the subject was picked up 
by cesium photoelectric cells developed 
especially for the project. About the size 
of a loaf of bread, they were the largest 
cells in world. The output from the cells 
was amplified and transmitted by wire 
or used to modulate a carrier wave. The 
positioning of the light source and photo- 
cells was worked out by Dr. Frank Gray 
to look like general illumination without 
"cooking" the subject. 

Several receivers were used. The 
small images were produced by a modu- 
lated light behind a scanning disc. The 

Model sits in front of "camera" to left of the transmitting 
apparatus employed to convey the pioneer television picture. 
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Herbert Hoover, in Washington D. C., took part in 1927 tele- 
cast. His image was seen on television screen in New York. 

TELEVISION'S 40th BIRTHDAY 
disc was synchronized with the disc of 
the transmitter. The large image, visible 
to a whole auditorium full of people, 
was produced by a 2,500 -element neon 
lamp, a yard square. Its elements were 
fired individually in turn by a commuta- 
tor synchronized with the transmitter 
scanning disc. The commutator, motor 
and sync circuits cost considerably more, 
and were quite a bit bigger, than a mod- 
ern TV receiver. The "big grid," as the 
monster lamp was called, was a glass- 
blower's nightmare. 

Transmitting the picture signal, 
with its comparatively wide bandwidth 
(though still much smaller than the 4 - 

MHz picture bandwidth of today's TV), 
was a serious difficulty. Three engineers 
(one of them was H. Nyquist, well 

known today for his feedback and sta- 
bility equations for amplifiers) worked 
out a way of loading and equalizing a 

line to keep it phase -linear over the nec- 
essary frequency range. Additional 
wideband lines were used for the sound 
and the sync signals. All this was before 
coaxial cables. 

Picture signals by radio from Whip- 
pany were transmitted on a wavelength 
of 191 meters (1,570 kHz), and the 
speech signals on 207 meters (1,450 
kHz). Only 9 days after this demon- 
stration, it was found possible to trans- 
mit picture and sound on a single wave- 
length with a single transmitter, without 
distortion or cross -modulation. 

Technical staff responsible for the 
demonstrated television developments 
included Herbert E. Ives, Frank Gray, 
E. F. Kingsbury, A. W. Horton, C. R. 
Keith, Pierre Mertz, F. W. Reynolds, 
J. R. Hefele, S. D. Morrison, J. G. 
Knapp, G. R. Stilwell, P. B. Findley, 
M. W. Baldwin, Jr., A. C. Norwine, Al 
Johnsrud, E. Peterson, H. A. Etheridge, 

No CRT was used in this 1927 Bell Labs TV receiver. Neon 
lamps were connected through many wires to sync wheel. 

Ray Rulison, and Miss P. I. Papace. 
These same people had developed a 

wirephoto system in 1924, and later a 
system for color television (1929), two- 
way television (1930) and television via 
coaxial cable (1938). During World 
War II, most of these television pioneers 
were busy with military research, and 
from their efforts came many devices, of 
which the snooperscope (an infrared 
telescope to permit observation without 
light) and sniperscope (a snooperscope 
mounted on a rifle) are probably the 
best known. 

But these weren't the only men 
working on the problem of "seeing at a 
distance." Also busy, using the same 
fundamental ideas and equipment, were 
C. Francis Jenkins (Washington, D. C.), 
John Logic Baird (England) and Ernest 
Alexanderson (Schenectady, N. Y.) 

The principal components of mod- 
ern television were already being devel- 
oped. Vladimir Zworykin of RCA had 
already patented the iconoscope and 
Philo T. Farnsworth the image dissector, 
ancestors of our modern camera tubes. 
Allen B. DuMont in Montclair, N. J., 
and Manfred von Ardenne in Germany 
were experimenting with cathode-ray 
tubes. 

Besides publishing annuals about 
TV, RADIO -ELECTRONICS' founder and 
editor -in -chief Hugo Gernsback was do- 
ing practical work in TV. After some ex- 
perimental work with equipment de- 
signed and built by Pilot Radio Corp.'s 
chief engineer John Geloso, Mr. Gems - 
back's New York radio station WRNY 
began a regular schedule of TV pro- 
grams in August 1928. There were about 
a dozen broadcasts per day. Three 
broadcasts each week lasted 20 minutes 
apiece; the others were 5 -minute trans- 
missions. The WRNY broadcasts were 

on 326 meters (920 kHz) and were ac- 
companied by short-wave transmissions 
from W2XAL on 30.9 meters (9.72 
MHz) . 'Transmissions continued for sev- 
eral months. 

(Geloso, incidentally, reversed the 
poor -immigrant -boy story by returning 
to the land of his ancestors, where he is 
now Italy's largest manufacturer of high - 
quality radio, audio and TV equipment.) 

All -electronic television, using the 
iconoscope at the camera and the cath- 
ode-ray tube at the receiver, began in 
the middle 1930's. In 1936, the British 
Broadcasting Corporation established 
regularly scheduled television program- 
ing which has continued to this day. Ex- 
perimental stations sprang up all across 
the US in the late 30's. Then, on July 1, 
1941, the FCC adopted our present 525 - 
line standards and authorized the first 
commercial TV service. 

Growing forward 
In 40 years, television has come 

from a laboratory curiosity to a house- 
hold device used every day by small chil- 
dren. Its transmission range has grown 
from 250 miles by wire (Washington to 
New York) to nearly halfway around 
the earth, by radio and satellite. The 50 - 
line resolution of 1927 has become 525 
lines on commercial TV (in the US) 
and much greater in specialized indus- 
trial and scientific work. We can see tele- 
vision in full color many hours a week 
in most parts of this country. 

Coming soon perhaps (and already 
being worked on) are even higher -reso- 
lution pictures, stereoscopic television 
by direct methods, by parallax panora- 
magrams and by holographic techniques. 
(See "Direct -View 3-D Images!" RADIO - 
ELECTRONICS, January 1967.) 

Yet still all television uses the fun- 
damental scanning idea stated by Nip- 
kow in 1884. END 
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An Engineer Talks About Transistors in Audio 
Part 1-What is transistor sound? Are tubes really done for? Are 

transistor hi-fi components better now? By PETER E. SUTHEIM 

THE SUPERFICIAL ADVANTAGES OF 

transistors are obvious. They're more ef- 
fic ent, for one thing, because they don't 
have heaters. A typical amp/preamp 
combination needs between 30 and 40 
watts just to keep the heaters heated- 
about one-third of the total power it 
consumes. This heater power is a total 
waste as far as useful output is con- 
cerned. 

Because heaters can be eliminated, 
the total heat output of an amplifier is 
much smaller. Temperatures are lower, 
parts can be spaced more closely, relia- 
bility is increased. And transistors are 
small to begin with. They last longer 
than tubes, too-some last so long that 

Fig. 1-a-A sine wave spends a good bit 
of time around its peak amplitude and 
passes rather quickly through zero. Mu- 
sic waveforms have narrower (briefer) 
peaks, in general, and spend more time 
around zero axis. b-How fairly severe 
crossover distortion looks on a scope. 
Mild crossover distortion, difficult to 
detect on a scope, is plainly audible. 
But crossover distortion occurs if tran- 
sistors in push-pull class B aren't biased 
to transfer each complete half -cycle. 

no definite figure for life expectancy 
has been computed. 

But all this is usually secondary to 
the audiophile. While he might be will- 
ing to accept transistor equipment for 
these advantages as long as it is as good 
as tube equipment, he doesn't usually 
want to sacrifice audio quality to get 
them. (We'll pass by the man who buys 
a transistor amplifier just so he can 
tell all his friends he has one.) Especial- 
ly if the transistor amplifier is consider- 
ably more expensive than the tube job. 

The real question in a prospective 
amplifier buyer's mind seems to be: 
Does a transistor amplifier really sound 
better than a tube amplifier? 

Most people who had the oppor- 
tunity a few years ago to compare the 
two agreed that there was a difference. 
Soon, though, some unfriendly explana- 
tions of "transistor sound" found their 
way into print. Most of them centered 
around the assertion that transistor am- 
plifiers produced a sneaky aberration 
called "crossover distortion." 

But recently a man in the industry 
made a pretty high-powered remark. He 
said that it is now possible to build tran- 
sistor audio equipment that is better 
than the best tube equipment. I asked 
him if he'd be willing to back that up 
with evidence, and supplement it with 
an explanation. The man is Daniel R. 
von Recklinghausen. chief research en- 
gineer of H. H. Scott. Inc. He was 
more than willing, so I went up to May- 
nard, Mass., with a portable tape re- 
corder to hear his story. 

We had some lunch, a tour through 
the Scott plant. and then we settled 
down in his office/lab to talk. The first 
thing I asked about was transistor 
sound. 

'What transistor sound really 
turned out to be," he explained, with a 
few percent of soft Munich German 
modulating his English, "was not some- 
thing better, but merely an unfamiliar 
sound, caused by a number of faults- 
all of them due to the designers' unfa- 
miliarity with transistors. The most im- 
portant was probably crossover distor- 
tion." 

"But couldn't they measure that, or 
see it on a scope?" 

"Well, it might have been visible 
on a scope, but it's not easy to see a few 
percent of crossover distortion. And it 
doesn't measure too bad, because it oc- 
curs in the middle of a sine wave [see 

Fig. 1], so it's a small percentage of the 
total amplitude and of the total time of 
a cycle. A sine wave spends most of its 
time at the extreme peaks. But music 
waveforms lie mostly around the zero 
axis-which is where the distortion is 

occurring. And you can hear it, even 
though the results of your measurements 
might be very good." 

Dan also pointed out that many 
engineers weren't expecting this kind of 
distortion, so they didn't go out of their 
way to measure it. 

"Another thing early designers did 
was measure distortion primarily at full 
power-an old tube habit." 

"Ah-and crossover distortion 
shows up most at low power." 

"Right. This is one of the reasons 
why the new IHF standard on ampli- 
fiers specifies the need for distortion 
measurements at low levels, 'way down 
into the mud." [See "What's in the New 
IHF Amplifier Standard?" in the March 
1966 issue.] 

"So this transistor sound. then, was 
almost entirely something had? It wasn't 
really cleaner or sharper?" 

"Yes. It was different." 
"And people may have had the il- 

lusion that it was better because of all 
the hoo-hah about transistors being a 
Good Thing." 

"Right. Could be." 
"Aha! That's what I suspected!" I 

recalled that crossover distortion tends 
to generate high -order odd harmonics, 
which are much more audible than com- 
mon second- or third -harmonic distor- 

". . . transistor sound turned out to be 
... not better, but merely unfamiliar . . ," 
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An Engineer Talks About Transistors in Audio 

tion. They give sound a wiry edge that's 
often attractive on first hearing, but 
leads to irritation and fatigue after a 
while. 

"To avoid crossover distortion, 
you have to adjust the bias on the out- 
put stage so that each transistor oper- 
ates with optimum bias. And the way 
you pick the bias is for minimum dis- 
tortion, at low levels and at high levels. 
Now to do that, you have to recognize 
a few things. First, every transistor is a 
little different from every other. This 
means you have to have some sort of 
bias adjustment to compensate for indi- 
vidual variations." 

"Which are much wider than with 
tubes?" 

"Right. Second, transistors change 
their characteristics with temperature. 
So you have to compensate for that- 
maybe as low as 50°F at night in a cold 
bedroom, up to 120° or 130° on a hot 
summer day with the sun shining on a 
completely enclosed equipment cabinet. 

"Third, the power company sup- 
plies nominally 117 volts-plus or mi- 
nus. Minus when somebody plugs in a 
toaster or some such thing, plus . . ." 

". . . when everybody doesn't." 
"Yes, and when the generating sta- 

tion fails to crank down its output ac- 
cordingly. 

"Now we've been talking only 
about static circuit conditions. Let's 
look at another thing that's very impor- 
tant in maintaining bias points. The cir- 
cuit mustn't be designed so that when it 
gets a big slug of music, coupling ca- 
pacitors charge up and filter capacitors 
discharge, and you lose your bias. The 
music sounds pretty bad . . ." 

". . . until the bias currents settle 
down again, which could be several 
seconds." 

"Yes. This problem of transient 
overload-we call it 'gulp distortion'- 
was a failing of some transistor ampli- 
fiers on the market-even some with 
very fine names." 

"But certainly nobody would mis- 
take that kind of distortion for a desir- 
able quality." 

"It's not a good quality, but it is 
different." 

"And again," I proposed, "people 
were conditioned to think favorably of 
transistor stuff, so they lumped that in 
with the idea of transistor sound." 

"Right. Now another thing is that 
transistors have a definite bandwith. 
This means that your feedback loop has 
to be proportioned so the circuit stays 
stable and doesn't oscillate, even only 
during parts of a cycle, with reactive 
loads on the output. If it does oscillate, 
the oscillation steals power from the 

useful output, puts kinks in the signal 
waveform-which is distortion. 

"Now these same things occur in 
tube amplifiers-partly because of the 
output transformer, but also because a 
tube amplifier is a very high -impedance 
device. So, coupling capacitors, tube 
input capacitances and so on all make 
problems for the designer. A tube grid 
can also rectify positive signal peaks 
and charge up coupling capacitors. That 
can cause the same kind of bias -shift 
distortion I was talking about." 

I tried to steer the conversation 
back toward the advantages of using 
transistors. Dan proceeded talking. 

"The first and most important fact 
is that you can actually get more power 
out of a transistor amplifier into a re- 
active load, such as a speaker, than you 
would expect from just measuring with 
a pure resistance load. A transistor de- 
livers more power into a reactive mis- 
match than a tube can. 

"A tube has an inherent limitation: 
its zero -bias point. On the whole, it 
isn't too practical to push a tube grid 
more positive than zero bias because 
then it starts drawing current and recti- 
fying the signal, loading down the driv- 
ing stage, and so on. But a transistor 
doesn't have that limitation. It's a cur- 
rent amplifier. The harder you drive it, 
the more you get out, if your load im- 
pedance is low enough." 

"Which explains why you can de- 
stroy a transistor by driving it into a 
short circuit?" 

"Yes. Transistors are usually oper- 
ated near the maximum -output -voltage 
condition, so the output voltage a tran- 
sistor can give is determined strictly by 
the supply voltage and the total resist - 

SAT b+ 
o.l n 

GATT 
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a 

Fig. 2-a-Simplified "single -ended push 
pull" circuit for calculating peak power in 
to load. b-Equivalent circuit for half of 
the schematic at (a). This one functions 
during one half -cycle; the lower half of the 
circuit functions during the other half. 

ance in the circuit-in this case the 
load resistance in series with whatever 
emitter stabilizing resistors are used 
[Fig. 2], and of course the resistance of 
the transistor. Typical values might be 
a total circuit resistance of 8 or 9 ohms 
-say 9 ohms-and a supply of 45 volts. 
So the peak -to -peak current you can 
get out of the circuit is 45 divided by 
9, or 5 amps. 

"Now if you substitute a 4 -ohm 
load, your total circuit resistance is only 
5 ohms, and you get 9 amps. 

"In the first case, the voltage across 
the load would be 8/9 of the supply 
voltage, or 40 volts. In the second case 
it's going to be 4/5, which is 36 volts. So 
you get more power output -50 watts 
peak in the first case, but 81 in the sec- 
ond, with a 4 -ohm load. These figures 
amount to 25 watts and 40.5 watts mu- 
sic power, respectively. 

"Now let's take the case of a reac- 
tive load. There you always get full volt- 
age across the load. Let's imagine 8 
ohms purely reactive-no resistance- 
as the load. Well, now you're getting 
45 volts peak to peak, not 40. In the 
second case, if we used 4 ohms purely 
reactive, we'd get 45 also, instead of 
only 36, because a pure reactance does 
not take any power. 

"Well, what is a loudspeaker? It's 
a complex impedance, only rarely pure- 
ly resistive. It can look more like an in- 
ductance or more like a capacitance, 
depending on the frequency and the de- 
sign of the speaker. Where speaker im- 
pedance dips (sometimes down to a 
quarter of its rated figure) the effective 
peak output of a transistor amplifier is 
higher. if you can drive it harder. So 
you can get more audible power into 
an 8 -ohm partly reactive load from a 
transistor amplifier than you can get 
from a tube amplifier-even though the 
two amplifiers may measure exactly the 
same with a purely resistive load. It ac- 
tually sounds louder. After all, you have 

. . let's see . . . 63.3 and 126.5 
peak volt-amperes respectively, com- 
pared to 50 and 81 peak watts." 

"So this might be another reason 
for the alleged superiority of transistors 
over tubes?" 

"Yes. But it's also one of the fac- 
tors that helps you in designing good 
transistor amplifiers." 

Things you can't do with tubes 
"Another thing that helps you is 

having transistors of both sexes-npn 
and pnp." Dan looked a tiny bit impish 
behind his serious face. "Technicians 
around here determine the sex of a 
transistor by the direction of the arrow. 
Anyway, that permits a designer to 
eliminate one of the banes of his ex- 
istence: the phase inverter. It's hard to 
make a phase inverter really symmetri- 
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cal in both phase and amplitude at all 
audio frequencies. You also want the 
same internal impedance at both sides. 
The common split -load inverter has a 
higher impedance at the plate side than 
at the cathode. 

"By having transistors of both 
sexes, you can design direct -coupled 
amplifiers without phase inverters- 
complementary transistors do the in- 
verting for you. Plain direct -coupled 
circuits are more convenient, too, with 
complementary transistors. You just 
haven't got that in tubes. 

"Eliminating the phase inverter 
and direct -coupling everything lets you 
design a power amplifier like an opera- 
tional amplifier-with a gain defined 
only by the ratio of two resistors. Direct 
coupling helps you in another way, too: 
Omitting coupling capacitors means 
fewer phase shifts and fewer charging- 
discharging networks with long time 
constants. The low impedances of tran- 
sistors make stray capacitance less of a 
problem, so you don't get so much 
phase shift at high frequencies. All this 
means you can apply more feedback 
around the amplifier before stability be- 
comes a problem. You do have to make 
sure, though, that nothing is happening 
up there at a couple of hundred mega- 
hertz-no oscillation, not even during 
part of a cycle. That's the price you 
pay for being able to use nice, low - 
impedance devices with cutoffs around 
250 MHz." 

"What about preamplifiers?" I 
asked. "Do transistors really bring any 
improvement there, except for things 
like size and power consumption?" 

"Yes, they do. The advantage ap- 
pears when you look at the optimum 
source resistance from the point of view 
of getting minimum noise. A tube is a 
high -impedance device, and gives you 
the best noise figure when operated 
from a source impedance, at low audio 
frequencies, of 100,000 ohms, a meg- 
ohm, or thereabouts. That's beautiful 
for ceramic pickups. But for magnet- 
ics-what's their impedance?" 

"Couple of hundred ohms, say." 
"Well, yes-let's say from 100 

ohms up to about 5,000 ohms, depend- 
ing on the model. Now what does a 
transistor like for optimum noise fig- 
ure? Just about a thousand ohms. Per- 
fect for magnetic pickups. 

"Another thing: Around here, an 
equivalent noise input voltage for a pre- 
amplifier transistor is typically 0.25 mi- 
crovolt. Even in our least expensive 
unit, equivalent noise input voltage in 
excess of 1 microvolt is cause for re- 
jection." 

"And figures like that just weren't 
possible with tubes?" 

"With tubes it was very difficult. 
With tubes you run into low -frequency 

, .. early designers meausred distortion 

primarily at full power-a tube habit." 

flicker noise. What is the typical hi-fi 
preamp tube?" 

" 12AX7." 
"Right. I don't know if you know it, 

but the 12AX7 has been manufactured 
since around World War II. Up until the 
time they gave up designing new ver- 
sions of it, there was only one manu- 
facturer in this whole, wide world that 
could make quiet 12AX7's, with low 
flicker noise. That was Telefunken. 
There were at least a dozen other mak- 
ers, but they just couldn't do it." 

"What about those other attempts 
like the 12AY7 . . . ?" 

. . and the 12AD7, 12AX7-A, 
7025? They were no better. Now there's 
another thing, too. Preamps have to 
contain resistors. The higher the values 
of the resistors, the more noise power 
they generate. It was quite a battle to 
get quiet resistors. With the low resist- 
ances of transistor circuits, we have less 
of a problem. 

"Also, because of the wide gain va- 
riations of transistors, we design with a 
lot of excess gain, and so we can apply 
more feedback than before. Again, we 
get quieter preamps." 

"Another thing that helps . . . is having 

transistors of both sexes-npn and pnp." 

"In a 12AX7 tube preamp I guess 
there's virtually no feedback at all at 
the lowest frequencies, because it's all 
been rolled off to give RIAA bass boost." 

"True. Now you can get some ex- 
tremely low -noise silicon transistors." 

"Like which?" 
"Well, the G -E 2N3391 -A is a 

pretty low -noise one, or Fairchild's 
SE4010. Quite decent, at the right cur- 
rent. Better get a batch and select the 
best, though. 

"This noise problem is especially 
bad with 8 -track tape. You get maybe 
500 to 800 microvolts on loud passages. 
So if you want your noise down 40 dB 
at 1,000 Hz, that means no more than 5 
to 8 microvolts of noise. At low fre- 
quencies, where you need 20 dB more 
gain, you have to be well under a mi- 
crovolt." 

A long and happy life 
I wanted to get some idea from 

Dan of transistor reliability and life. He 
pointed out that really meaningful fig- 
ures were hard to come by because 
there just wasn't that much experience 
yet; transistors haven't been here that 
long, especially not the newer, most re- 
liable types. 

"But something that really helps 
reliability," he explained, "is the lower 
operating temperatures you get with 
transistors. On the transistors alone, you 
usually figure an increase of 2 to 1 

in life for every 10°C drop in tempera- 
ture-that's up near the top tempera- 
tures. Now imagine all the other things 
that are running cooler than they could 
with tubes-like insulation, and espe- 
cially electrolytic capacitors." 

Dan showed me a more subtle kind 
of life increase in transistors: noise. 
Tubes get noisy near end of life, which 
may be more significant than the loss 
of gain that's better known. 

"Some of the cathode material 
evaporates and eventually settles on the 
grid," he said. "What you get is a slight- 
ly photoemissive grid. If the tube is ex- 
posed to. say, a fluorescent light, which 
is a nice pulsed light source, you can 
get extra electrons in the stream at a 
120 -cycle rate. Hum. And, sure, you can 
put a shield around the tube, but there's 
one light source in there, right in the 
tube, you can't turn off: the heater. 
And, just as in a phototube. you get 
hiss, from that, as well as the usual hum 
modulation. 

"With transistors, no heater, no 
light, no grid, no evaporation . . ." 

By this time I was really beginning 
to appreciate transistors. But then we 
went on to talk about semiconductors 
in rf applications, like FM tuners. Now 
there's a story-especially concerning 
integrated circuits-but we'll have to 
leave that for another article. 

TO BE CONTINUED 

APRIL 1967 
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TWO USEFUL PITCHED -ROOF 
A pair of problem -solving mast 
bases for those nonflat housetops 

By HOWARD S. PYLE and 
HAROLD P. STRAND 

PUTTING AN ANTENNA ON A FLAT ROOF 

is relatively simple-you bolt a flat base 
to the flat roof. But what do you do on 
a pitched roof? The chimney mount isn't 
always satisfactory for tall masts, for 
they are sometimes difficult to guy prop- 
erly. And suppose the installation must 
be made without screws, nails or bolts 
piercing the roof? 

Saddle base 

The first photo shows a saddle - 
mount base for an antenna mast which 
requires no holes in the roof. It can be 
used, of course, only with a guyed mast 
-because the guys provide the down- 
load that keeps the saddle in place atop 
the roof. 

The mount is made of standard 
1/2 -inch galvanized pipe fittings. Piece 
sizes are shown in Fig. 1. To provide 

The assembled pipe sections form the 
saddle mount. Note white rubber feet. 

Fig. 1-Construct the saddle mounting 
assembly with these pieces of half -inch 
galvanized pipe. Then add coat of paint. 

WOODEN PLANK 

2eX6"Xt3-I/3" 

PIPE CLAMPS 1/2" 

/.._SEE TEXT 

MACHINE BOLTS 
2-112" X 114" 

J 

Add swivel base, wooden plank, pipe clamps, machine bolts and the mount is complete. 

.-2-3-4' 7/9" RUBBER CRUTCH TLPS 

F 
8° 

2° 

I 

-J 
T 

45 
ALL I/2° STANDARD GALVANIZED YLLL////// 

PIPE FITTINGS OF SIZES INDICATED 

60 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


ANTENNA MOUNTS 
firm footing and protect roof shingles 
from the metal pipe ends, 7/8 -inch rub- 
ber crutch tips (available at hospital - 
supply stores) are used as "feet." 

Once you've assembled the saddle, 
it's a good idea to cover it with a couple 
of coats of oil -base paint, to retard cor- 
rosion. 

The next photo shows the swivel 
mount in place. This assembly consists 
of a base plate, swivel and mast collar, 
and is available as part No. 11 A 2536 
from Allied Radio, 100 N. Western Ave., 
Chicago, Ill. 60680. Bolt the swivel 
mount to the wooden plank. Then attach 
the plank to the pipe saddle with pipe 
clamps underneath. That finishes assem- 
bly of the unit. 

Because the mast collar pivots, it's 
easy to erect the antenna mast. One man 
holds the base while the other raises the 
mast. Then the second man guys the 
mast in place. It's equally simple to take 
the mast down for antenna repair. 

Side mount 

This second antenna mount can be 
used where you can make holes in the 
building. However, you still don't have 
to pierce the roof, for it's a side mount. 
There's an additional feature-it allows 
antenna rotation by hand from an attic 
or upper -story window. Like the first 
mount, this one's made simply from pipe 
fittings. 

The bracket (see Fig. 2) consists of 
a short piece of 11/4 -inch galvanized 
pipe, length determined by the roof over- 
hang. A floor flange is used at one end 
for securing it to the house siding, and a 

tee fitting is securely attached to the 
other end. Two short pieces of pipe are 
used in the tee, as shown. The mast is a 

piece of 1 -inch electrician's aluminum 
conduit, which has a thicker wall and is 

therefore stronger than the usual mast 
tubing. It will pass nicely through the 
11/4 -inch pipe. A collar fixed to the mast 
rests on the top end of the pipe as a stop. 
A setscrew in a drilled and tapped hole 
in the tee serves to lock the mast in posi- 
tion after adjustments have been made. 
The front end of the horizontal pipe is 

supported from the roof overhang by 

aluminum straps. 
Screw the pipe sections tightly to- 

gether, using a pipe wrench and a vise. 
If there is a short roof overhang, a short- 
er pipe will be used than the one shown 
here. In some cases, a close or a 2 -inch 
nipple will come out about right. Take 
measurements first so that the tee will 

rj 

30011 LINE 

DIAMETER OF PIPE 

IJ.j DRILL 8 TAP 

//FOR 
10-24 

r"4-- 
COUPLING'(COMES WITH 
PIPE)BORE OUT FOR 
SLIP FIT 

SET SCREW\ 
PIPE TO CLEAR MOLDING ti 

ROOF PEAK 

HOUSE SHINGLES 

WOOD BLOCK 

ALUMINUM STRAP 

I-I/4' PIPE 

WEDGE PIECE TO LEVEL SURFACE 

EDGE OF ROOF FINISH BOARD 

FLOOR FLANGE 

SCREWS INTO SIDING 

ALUMINUM STRAP 

I-1/4' PIPE 

I/4'-20 CAP SCREW (SET SCREW 
TO LOCK MAST) 

LENGTH AS REQUIRED TO MATCH ROOF OVERHANG 

3')N 
ROD USED FROM 
ATTIC WINDOW 

ANTENNA CLAMPS 
ON TOP END 

STANDOFF MAST 
INSULATOR 

P ALUMINUM 

//CON/CONDUIT 
MAST 6' DUIT 

OR AS 
REQUIRED 

ALUMINUM COLLAR 
(RESTS ON END 

OF PIPE 

10' OR AS 
REQUIRED 

-3- 
/ 
END OF MAST 

PROJECTS 
ABOUT 3" 

4 EQUALLY SPACED 
5/16' HOLES 

dD 
HOLES IN PIPE ALLOW ROD TO ROTATE ANTENNA 

BENT ROD MAY BE EASER TO USE 
(SEE PHOTO) 

Fig. 2-Side mount assembly is formed with 11/4 -inch pipe and 1 -inch aluminum electrical 
conduit, plus straps, a tee connector and a flange. Pipe length depends on eave size. 

t he side 01010l fits beside eat c with Guy wires should be securely attached 
brace below. L-shaped tool permits turn- to a mast. Use wire thimbles and turn- 
ing the antenna from inside the house. buckles for a safe and professional job. 
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) 

COMPLETE TUNER 

OVERHAUL 

9 95 

'lib 4 ALL LABOR 
AND PARTS. 

(EXCEPT TUBES 
& TRANSISTORS)` 

VHF URE COLOR U -Y IUNSISIOR 

COLOR TUNERS 
GUARANTEED COLOR 
ALIGNMENT - NO 

ADDITIONAL CHARGE 

Simply send us the defective tuner complete; include tubes, 1 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
Exact Replacements are available for tuners unfit for over- 
haul. As low as $12.95 exchange. (Replacements are new or 
rebuilt.) 
And remember-for over a decade Castle has been the leader 
in this specialized field ... your assurance of the best in 
TV tuner overhauling. A 

CASTLE 
TV TUNER SERVICE, INC. 
5715 N. Western Ave., Chicago 45, Illinois 
41.96 Vernon Blvd., Long Island City 1, N. Y. 

For service in Canada write to Chicago or use 
reader service card in this magazine. 
'Major parts are charged extra in Canada. 

Circle 23 on reader's service card 

TWO USEFUL PITCHED -ROOF ANTENNA MOUNTS 

come out far enough so the upper pipe 
just clears the roof edge. 

The mast collar is a bored -out 1 - 

inch aluminum pipe coupling with small 
Allen -head setscrews. The setscrew in 
the tee is a 1/4-20 cap screw. 

Guy wires 

Without proper guying, neither of 
these mounts will be safe. Avoid using 
single -strand fence wire and don't just 
twist wire into a screw eye at anchor 
points. Galvanized wire will rust in a 
short time; it's better to use aluminum 
clothesline wire. One type is available in 
100 -foot rolls at building -supply stores, 
and consists of 7 twisted strands of No. 
16 wire. It's strong and won't rust. While 
it does corrode after some time, this ac- 
tion doesn't affect the wire strength. 

How guy wires are attached is what 
makes the difference between a good job 
and a bad. The best way (see photo) is 

to use rope thimbles and turnbuckles, so 
you can adjust for slack. Fig. 3 shows 
how to rattail splice the wire end around 
the thimble. While this method produces 
a fairly strong termination, the Kearney 
clip, shown in Fig. 4, will hold the guy 
end quite securely. 

COLOR TV & UHF GHOSTS BEWARE 

of the 

LATEST "GHOST ENEMY" 

UHF VHF 
TV ANTENNAS 

for Black/White & Color 

Ultimate 
in Design! 

Unequalled 
in Perform- 
ance 

Outstanding 
in Value! 

"GHOST ENEMY" 
Model #6702 
Gold Finish 

Pinpoint tuning of UHF 

Loop with separate 
knob control. 

Dept. Stores, Distribu- 
tors 8 Television Manu- 
facturers-Let us quote 
you on your PRIVATE 

BRAND requirements. 

SEND FOR our latest 
catalog with our com- 

plete line of antennas 

BRACH MFG. CORP. 
Div. of General Bronze Corp. 
899 Main Street, Sayreville, N.J. 08872 

Circle 24 on reader's service card 

TURNBUCKLE EYE 

A 

B 

C 

THIMBLE 

GUY WIRE 

Fig. 3-How to rattail splice the end of a 
guy wire. (a) Wrap wire around the thim- 
ble; (b) wrap first strand completely around 
guy body; (c) tightly wrap remaining 
strands further up the body of the guy. 

Fig. 4-The Kearney clip (a) is merely a 
slotted bolt. It clamps end of euy wire 
(b) back on itself and holds cable securely. 

Be sure you locate solid house studs 
for placing screw eyes. After screwing 
them into the wood, daub the hole with 
paint to keep moisture from rotting the 
wood. 

With either of these mounts, you 
should be able to handle any residential 
antenna installation with little difficulty. 

END 
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Right off the press...ready to be your personal 
guide to testing everything electronic. 

The most accurate title ever put on the covers of a 
book. Just off the press, this brand new book is writ- 
ten by one of the most famous "how-to" electronics 
writers in America. Jack Darr gives you the benefit of 
many years' experience as an electronics trouble- 
shooter, consultant and designer for some of the 
largest electronics companies in the world. 

Practically every testing technique for almost every 
kind of equipment is laid out for you in easy, highly 
readable style - with more than 100 illustrations for 
even faster understanding. With just the test equip- 
ment you now own, and a few simple devices that 
Darr helps you build easily and inexpensively, you 
can test faster ... more accurately ... and gain a bet- 
ter understanding of circuitry than ever before. 

Hundreds of shortcuts are highly accurate, scien- 
tifically correct but many times faster than conven- 
tional methods. You don't even need sophisticated, 
expensive equipment. Darr shows you how to test 
components, circuits and equipment with ordinary 
pilot lamps, neon lamps, everyday vom's, vtvm's and 
scopes. This one book is a whole library on testing. 

Contents Include: Power Supplies 
and DC Voltage Tests: Current Tests: 
VOM - VTVM Tests: Signal Tracing 
and Alignment Tests: Oscilloscope 
Tests: Component Tests: TV Tests: 
-and Over 100 Easy -to -Follow 
Illustrations. 

Ask for HOW TO TEST... ALMOST EVERYTHING ELECTRONIC 
at the Gernsback dealers listed below! 

Gernsback Dealers: 
ALASKA 
Polar Electronic Supply Co. 
231 Illinois St. 
Fairbanks 

CALIFORNIA 
Video Suppliers 
14526 Crenshaw Blvd. 
Gardena. 

Newark Electronics 
4747 W. Century R!"d 
Inglewoua 

Scott Radio Supÿ;y 
266 Alamitos Ave. 
Long Beach 
Federated Purchaser 
11820 W. Olympic Blvd. 
Los Angeles 
Henry Radio 
11240 W. Olympic Blvd. 
Los Angeles 
California TV Supply 
2537 Del Paso Blvd. 
North Sacramento 
Zack Electronics 
654 High St. 
Palo Alto 

Quement Industrial Electronics York Radio & TV Corp. RCA Institutes Book Store PENNSYLVANIA 
1000 Bascom Ave. 220 N. Jackson 350 W. 4 St. Cameradio Co. 
San Jose Decatur New York City 1121 Penn Ave. 
Lafayette Radio Electronics 
271 Ninth St. 
San Francisco 
Zack Radio Supply Co. 

Klaus Radio & Electric 
403 Lake St. 
Peoria 
Jay Tronics 

OHIO 
Warren Radio 
71 S. Broadway 
Akron 

Pittsburgh 
Olson Electronics 
5440 Penn Ave. 
Pittsburgh 

1444 Market St. 
San Francisco 

124-128 N. Rockton 
Rockford Teletronic Supply Co. 

3935 Montgomery Rd. 
SOUTH CAROLINA 
Radio Laboratories 

Sunnyvale Electronics MASSACHUSETTS Cincinnati 47577 E. Bay St. 
548 S. Murphy 
Sunnyvale 

FLORIDA 

Abbott Electronics 
902 Main St. 
North Woburn 

United Radio Inc. 
1308 Vine St. 
Cincinnati 

Charleston 

WASHINGTON 
Radio Supply Co. 

Tallahassee Sales Inc. 
505 W. Gaines St. 
Tallahassee 

MICHIGAN 
Lafayette Radio 
1326 Broadway 

Olson Electronics Inc. 
6153 Mayfield Rd. 
Cleveland 

6213 13th Ave. South 
Seattle 
G & I Electronics 

ILLINOIS Detroit Winteradio Inc. 3865 Steilicum Blvd. 
Allied Radio Corp. 1468 W. 25 St. Tacoma 
100 No. Western Ave. 
Chicago and other locations 

NEW JERSEY 
Federated Purchaser 

Cleveland 
Custom Electronics Inc. 

Wible Radio Supply Inc. 
3723 S. Lawrence 

Electronic Distributors Inc. 
4900 N. Elston Ave. 

155 U.S. Route 22 
Springfield 

1918 S. Brown St. 
Dayton 

Tacoma 

WISCONSIN 
Chicago NEW YORK Euclid Radio Co. Radio Parts Co. Inc. 
Kelsea Electronic Co. Arrow Electronics Inc. 16379 Euclid Ave. 1314 N. 7th St. 
6611 S. Pulaski Rd. 97 Chambers St. E. Cleveland Milwaukee 
Chicago New York City OREGON CANADA 
Newark Electric Co. 
500 N. Pulaski Rd. 
Chicago 

Lafayette Radio Corp. 
111 Jericho Turnpike 
Syosset, L.I. and other locations 

Portland Radio Supply 
1234 S.W. Stark 
Portland 

Len Finkler Ltd. 
2 Tycos Drive 
Toronto 

www.americanradiohistory.com

www.americanradiohistory.com


Yes,you 
r. 

YOU 

CAN 
BUILD 

AN ARTISAN TRANSISTORIZED ORGAN 
WITH KITS AND SUB -ASSEMBLIES 

save $1000 or more 
Easy enough to be fun. Difficult enough 
to be challenging. 
Relax with one of the world's most re- 
warding hobbies . build a full-size, 
concert quality transistorized organ. The 
Artisan Kit Organ has the same rich pipe - 
like tones, the same features, as the famous 
Artisan Custom Organ. There's not one 
bit of difference in tonal beauty, console 
style, high quality. 
10 styles for home, church, school 

Write for brochure 
Dept. RE 

1372 East Walnut Street 
Pasadena, Calif. 91106 

Circle 25 on reader's service card 

Enjoy the "music -only" programs 

now available on the FM broadcast 

hand from coast to coast. 

NO COMMERCIALS 
NO INTERRUPTIONS 

t,. 

It's easy! Just plug Music Associated's Sub 
Carrier Detector into multiplex jack of your 
FM tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of 
continuous commercial -free music you are now 
missing. The Detector, self -powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. Size: 
51/2" x 9". Shipping weight approx. 7 lbs. 

KIT $4950 
(with pre -tuned coils, no alignment necessary) 

WIRED $7500 (Covers extra 
$4.95 ea.) 

Current list of FM Broadcast stations 
with SCA authorization $1-00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N. 1. 

Phone: (201)-744-3387 07043 

EQUIPMENT REPORT 
Electro Products Laboratories 
TI -100A Transistorized Inverter 

Circle 27 on reader's service card 

Ever wish for an ac outlet in your car? 
This inverter is just that-an ac outlet 
that will power any 60 -Hz ac device 
rated at 125 watts or less. That means 
you can plug in a small -screen TV, an 
electric shaver, heating pad, soldering 
iron, phonograph, lights or even a fan. 

A conventional saturable -core mul- 
tivibrator using a pair of 2N441 transis- 
tors converts the 12 volts dc from the 
car battery to 117 volts ac. A unique ar- 
rangement of the input connector that 
plugs into the car's cigarette lighter per- 
mits a simple polarity change so the in- 
verter can be used in a car that has a 
positive ground. 

I ran two series of tests on this 
unit. The first group, at the bench, was 
set up so a regulated dc supply fed in- 
put power to the inverter. At the in- 
verter's output I hooked up a line volt- 
age monitor to meter the voltage out- 
put. The monitor remained connected 
in parallel with every load used during 
the test. 

I started off with a 60 -watt bulb. 
To power it the inverter drew 8 amps 

from the 12 -volt supply. Next came a 
75 -watt bulb. It required 9 amps. Last 
was a 100 -watt bulb which drew 11.5 
amps. One important point: Output volt- 
age in each test varied from a high of 
about 138 volts (for the 60 -watt bulb) 
to a low of 131 for the 100 -watt bulb. 
This slight overvoltage was to cause 
some minor difficulty in the dynamic 
tests to follow. 

From the bench I went to my car 
and plugged the inverter into the cig- 
arette lighter. The line -voltage monitor 
remained connected across the inverter 
output. As a first test I plugged in a tape 
recorder rated at 65 watts. Output volt- 
age with the recorder running read 130, 
and I was able to make good recordings 
and play them back. However, because 
of the higher -than -normal voltage, I 
could not play back any prerecorded 
material. The recorder was running a 
bit fast and a high -frequency scramble 
was the result. This also meant that re- 
corded material, made with the inverter 
as the power supply, could not be played 
back when the recorder was powered by 
a normal home ac outlet. Here it would 
be running slower than the recording 
speed and a low -frequency mumble 
would result. [Realizing this disadvan- 
tage, Electro Products has another in- 
verter-the TI-100TR-specifically de- 
signed for tape recorders. The TI -100 - 
TR does not have the disadvantage men- 
tioned here.-Editor] 

As a final test I unplugged the re- 
corder and hooked up an 11 -inch TV 
rated at 110 watts. With the engine run- 
ning, inverter output read 130 volts and 
the set performed normally. (Naturally, 
I needed an antenna located outside the 
car.) Then I let the engine idle. Inverter 
output dropped to 122 volts and the set 
continued to run normally. Finally, I 
turned off the ignition. Now the voltage 

)(FACTORY SET 

INPUT 12V DC 

OUTPUT 120VAC 

Circle 26 on reader's service card 64 Circle 28 on reader's service card 
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Be a Bright Guy. Get your name 
into TV Guide up to 4 times this year. 

Your Sylvania Distributor will put your name, your 
town and your phone number in TV Guide for your 
area as many as four times this year. And to make 
the most of it, we'll tie you into our big in-store dis- 
play program. If you're a bright TV serviceman, you 
carry the most advanced replacement parts: 
Sylvania's famous color bright 89> color picture tube 
and receiving tubes. 

Because you're an Independent, we're telling TV 
Guide readers you're in the best position to make 
an honest, unbiased recommendation on color set 
repairs. We list your name right on the facing page. 

That's what our double -page, full -color ads in 
TV Guide, and the display program, are all about. 
Business for you. if you like the bright idea, see your 
Sylvania distributor and ask him to include you in. 

Sylvania Electronic Tube Divison, Electronic 
Components Group, Seneca Falls, New York 13148. 

YLVAN JA 
SUBSIDIARY OF 

GENERALTELEPHONE & ELECTRONICS GTE 
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The most experienced 
all -channel amplifiers keep 
getting better and better 

Blonder -Tongue pioneered and developed the industry's first all - 
channel, all -transistor TV signal amplifier. That was more than two 
years ago. During that period this top -rated original design has brought 
superior all -channel and color reception to homes located in all areas. 

Now, we are employing the better performing silicon transistor 
in these amplifiers. The result: 40% more gain in the lowband, 100% 
more in the highband, greater ability to handle strong signals without 
overloading and better signal to noise ratio. Color or black -and -white 
TV reception on any and all channels from 2 to 83 is better than ever. 

Only Blonder -Tongue gives you a choice of all -channel, color - 
approved amplifiers: 

U/Vamp-2-mast-mounted, deluxe 2 -transistor UHF/VHF amplifier. 
Weatherproof housing. Remote power supply. AC operated. Separate 
UHF and VHF 300 -ohm inputs and outputs. Ideal for separate UHF 
and VHF antennas. 

Coloramp-U/V-same as the U/Vamp-2 except it has a single UHF/ 
VHF input. Matches the new all -channel antennas. 

V/U-A11-2 - deluxe 2 -transistor indoor UHF/VHF amplifier. Can 
drive up to 4 TV sets. Has built-in 2 -way splitter with excellent imped- 
ance match and isolation for interference and ghost -free reception. 

These UHF/VHF amplifiers are just one more reason to go all - 
channel from antenna to TV set with color -approved Blonder -Tongue 
TV products. Of course, we also have a full line of top quality VHF, 
VHF/FM and UHF -only amplifiers. Write for free catalog #74. 
Blonder -Tongue Laboratories, Inc., 9 Ailing Street, Newark, N. J. 
Blonder -Tongue, the name to remember, for T Vreception you'll never forget 

EQUIPMENT REPORT continued 

output dropped to 109 and the TV 
raster shrank about I/2 inch all the way 
around the screen. 

Since the picture remained stable 
at all three voltage levels, frequency out- 
put of the inverter can be assumed to 
be a reasonably stable 60 Hz. 

Conclusions: The TI -100A inverter 
is a great way to put a 125 -watt 60 -Hz 
ac outlet in your car. However, the 10% 
higher -than -normal voltage might short- 
en the life of some delicate equipment. 
With this limitation in mind, the inverter 
can still be quite useful.-Warren Roy 

MANUFACTURER'S SPECIFICATIONS: 
Input voltage: 12 volts dc 
Output voltage: Nominal 117 volts rms, nomi- 

nal 60 Hz 
Power output: 125 watts 
Voltage regulation: Approx. 20 volts, nominal 

load to full load 
Frequency regulation: Approx. 5 Hz, nominal 

load to full load 
Size: 3'/2 x 6'/4 x 6'/4 inches 
Weight: 63/4 lb 
Price: $46.50 (suggested list) 

Motorola FM 106M AM -FM 
Solid -State Auto Radio 
Circle 30 on reader's service card 

THIS RECEIVER IS DESIGNED FOR INSTAL- 
lation in cars having a 12 -volt negative - 
ground system. The radio comes with 
an external 8 -ohm speaker and is in- 
tended for either under -dash or in -dash 
installation. 

The knob positions, width and 
height of the Motorola unit are identical 
with at least one other car radio: the 
transistorized AM radio (model 1225) 
manufactured by Bendix for installation 
in Volvos. Although the depth of the 
Bendix unit is several inches less than 
the Motorola, sufficient clearance exists 
behind the dashboard of a Volvo to per- 
mit in -dash installation of the Motorola 
unit in the same instrument -panel cutout.. 

I installed the FM106M in a Volvo 
which had been previously equipped 
with a Bendix receiver. The job was 
therefore very simple. The existing an- 
tenna proved adequate for the Motorola. 

Anyone planning to install the 
FM106M in his car should consider re- 
placing the speaker that comes with the 
radio. I'd recommend either the Olson 
S-732 speaker at $7.98; the Realistic 
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Here displayed on the RCA Solid -State Center is the RCA 
SK -Series Transistors, Rectifiers, and Integrated Circuits; 
the new RCA 3N128 MOS Field -Effect Transistor; RCA's 
40214 Silicon Stud Rectifier; and three RCA Experimenter's 
Kits. This new Solid -State Center, in addition to its host of 
devices, also includes technical literature to support the de- 
vices right on the rack. It's the "one -stop" answer to the solid- 
state needs of experimenter, hobbyist, ham, or the replace- 
ment requirements of the service technician. 
All devices and kits are packaged in easily identifiable see- 
through packs for your convenience. Included with each 
device is broad performance data or specific ratings and 
characteristics where applicable. 
RCA Solid -State Center Includes: 

RCA Experimenter's Kits. Three kits enable you to build 
a light dimmer or any one of 14 different circuits for 
dozens of applications around the house. 
RCA SK -Series "Top -of -the -Line" Devices: 17 Tran- 
sistors, 2 Rectifiers, and 2 Integrated Circuits, for exper- 

Circle 31 on reader's service cord 

1 RCA 

Transistors 
Rectifiers 
Integrated 
Circuits 

For 
EXPERIMENTERS 

HOBBYISTS 

HAMS 
and 
TECHNICIANS 

LOOK FOR THIS 

DISPLAY AT YOUR 

RCA DISTRIBUTOR 

imenter or replacement use. 
RCA Technical Manuals. Four manuals include: RCA 
Experimenter's Manual, RCA Transistor Manual, RCA 
Linear Integrated Circuits Fundamentals Manual, and 
RCA Tunnel Diode Manual. 
RCA Solid -State Replacement Guide. Lists all RCA SK - 
Series "Top -of -the -Line" Transistors, Rectifiers, and 
Integrated Circuits and the more than 7,300 types 
which they replace. 

Keep RCA Experimenter's Kits and the RCA SK -Series in 
mind when you're shopping for solid-state devices. Look for 
the RCA Solid -State Center. Now at your RCA Distributor. 
Do it today! 

RCA Electronic Components and Devices, Harrison, N.J 

The Most Trusted Name in Electronics 
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WHYbother with makeshift 

twist -prong capacitor replacements ? 

When you substitute capacitor sizes and ratings, 

you leave yourself wide open for criticism 
of your work ... you risk your reputation .. . 

you stand to lose customers. It just doesn't 
pay to use makeshifts when it's so easy to get the 

exact replacement from your Sprague distributor! 

Get the right SIZE, 

right RATING every time 

with improved 

SPRAGUE 

TWIST- LOK® 

CAPACITORS! 

2,365 different capacitors to choose from! 
The industry's most complete selection of twist -prong capacitors, 

bar none. Greater reliability, too. Exclusive Sprague cover design 

provides a leak -proof seal which permits capacitors to withstand 

higher ripple currents. 

GET YOUR COPY of Sprague's com- 

prehensive Electrolytic Capacitor 

Replacement Manual K-108 from 

your Sprague Distributor, or write 

Sprague Products Co., 81 Mar- 

shall Street, North Adams, Mass. SPRAGUE® 
THE MARK OF RELIABILITY 

EQUIPMENT FEPORT continued 

model FE10.3, available at Radio Shack 
for $7.95; or possibly the Lafayette 
model 99C 0144, at $4.95. All these are 
long -throw 4 -inch speakers with better 
bass responsc than the 5 x 7 -inch speaker 
supplied. 

The FM106M is equipped with the 
following controls: 

Combined on-off switch and vol- 
ume control 

Continuous tone control 
AM-FM selector 
Tuning control 
Acoustinator sensitivity (an rf lo- 

cal/distance control) 
The controls are positioned func- 

tionally and are easy to operate. The 
continuous tone control is superior to a 
three -position control allowing only a 
fixed amount of bass or treble boost. In 
my Volvo installation the sound tended 
toward the boomy side. The continuous 
tone control made it possible to elimi- 
nate the boomy quality without sacri- 
ficing the entire lower segment of fre- 
quency response. 

This receiver is equipped with un- 
defeatable afc, which may be regarded 
by some as a disadvantage. I found it 
quite easy to tune in FM stations; a pre- 
viously tested FM radio with at least as 
good sensitivity but no afc was consid- 
erably more of a chore to tune. In signal 
areas where two weak stations are com- 
peting for the same frequency, the afc 
occasionally captures first one station, 
then the other, generating considerable 
noise during the alternation. Under such 
circumstances an afc override would be 
of benefit, but the situation arises infre- 
quently. 

The Acoustinator sensitivity con- 
trol is a two -position switch which af- 
fects FM reception only. In strong -signal 
areas where several FM transmitters are 
close together, the station signals tend 
to interfere with each other. The Acous- 
tinator control, when in local position, 
reduces the FM sensitivity of the re- 
ceiver (by inserting a resistor in the an- 
tenna line) and thereby reduces the in- 
terference. In weak -signal areas the 
control should be in fringe position; this 
provides maximum FM sensitivity. 

The radio has operated trouble -free 
nearly a year. Equipped with one of 
the replacement speakers suggested ear- 
lier in this article, the audio quality of 
the FM106M is excellent. Installation 
and operation of the compact transis- 
torized unit are very simple. Finally, 
for those who require stereo wherever 
they go, a multiplex socket is provided 
for a stereo adapter. 

-Robert M. Shapiro 
Price: $79.95 (suggested list) 

END 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
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New Solid -State High Impedance V -O -M 

The Unique New 
Heathkit 1M-25 

Kit $80 Wired $115 
Never Before Has An Instrument With These Features 

and Performance Been Available At Less Than $200 

13 Silicon Transistors Plus 2 Field Effect Transistors, 11 Megohm 
Input Impedance on DC 10 Megohm Input Impedance on AC 9 DC 
Voltage Ranges From 150 Millivolts Full Scale to 1500 Volts Full Scale 

. Accuracy *3% Full Scale 9 AC Voltage Ranges From 150 Millivolts 
Full Scale to 1500 Volts Full Scale ... Accuracy *5% Full Scale 7 Re- 
sistance Ranges, 10 Ohms Center Scale x1, x10, x100, x1k, x10k, x100k, 
x1 Meg ... Measures From One Ohm to 1000 Megohms 11 Current 
Ranges From 15 Microamps Full Scale to 1.5 Amps Full Scale ... Ac- 
curacy *4% DC, =5% AC AC Response to 100 kHz 6", 200 ua Meter 
With Zero Center Scales For Positive and Negative Voltage Measure- 
ments Without Switching 1% Precision Resistors Separate Switch 
For Each Function Eliminates Constant Changing Ten -Turn Thumb - 
wheel Zero Adjustment For Precision Settings Built -In 120 /240 VAC, 
50-6D Hz Power Supply Plus In -Cabinet Holders For Battery Supply 
During Portable Operation Easy Circuit Board Assembly New Heath 
Instrument Styling With "Unitized" Construction and Low Profile 
Appearance Color Styled in Handsome Beige and Black 

IM -25 SPECIFICATIONS - DC SECTION: Voltmeter: Ranges: 0 0.15, 0.5, 1.5, 15, 50, 
150, 500, 1500 volts full scale. Input Resistance: 11 megohms on all ranges. Accuracy: *3''; 
of full scale. Milliammeter: Ranges: 0 - .015, .05, 0.15, 0.5, 1.5, 5, 15, 50, 150, 500, 1500 reo 
full scale. Input Resistance: 0.1 ohm (1500 ma) to 10 K ohm (0.015 ma). Accuracy: *4'0 of 
full scale. AC SECTION: Voltmeter: Ranges: 0 - 0.15, 0.5, 1.5, 15, 50, 153, 500, 1500 volts 
full s<:ale. Input Resistance: 10 megohm shunted by 150 uuf. (Measured et probe tip.) Ac- 
curacy: *5';'é of full scale. Frequency Response: t2 db 10 Hz - 100 kHz. Milliammefer: 
Ranges: 0 - 0.015, 0.05, 0.15, 0.5, 1 .5, 5, 15, 50, 150, 500, 1500 ma. full scale. Input Resistant - 
once,: 0.1 ohm (1500 ma) to 10 k ohm (0.015 ma). Accuracy: *5<, of full scale. Ohm Meter: 
Ranges: 10 ohm center scale xl, x10, x100, elk, x10k, x100k, xl meg. Probe: Combined AC - 

OHMS - DC switching probe, single jack input for Probe and Ground connections, Circuit 
ground isolated from cabinet. Dividers: 1 °,, Precision Type. Meter: 6", 200 ua, 100' movement. 
Transistors, Diodes: 2 - 2N4304 FETransistor; 13 - 2N3393 silicon junction transistor; 1 - 

9.1 V zener diode; 1-13 V zener diode; 4-1N191 germanium diode; 1 silicon Power Supply diode. 
POWER SUPPLIES: Ohms Circuit: 3 volts, (C - cells). Ohms Circuit Bias: 1.35 volt (El N 
Merarty Cell). Amplifier Circuit: 18 volts. Battery Operation: C cells. Line Operation: 
Transformer operated ;1,, wave circuit, operable on either 120 or 240 V AC 50-60 Hz. 

FREE 
CATALOG 
Describes these and over 250 kits 
for stereo/hi-fi, color TV, amateur 
radio, shortwave, test, CB, marine, 
educational, home and hobby. Save 
up to 50% by doing the easy assem- 
bly yourself. Mail coupon or write 
Heath Company, Benton Harbor, 
Michigan 49022 

APRIL 1967 

The first of an exciting new line of Heathkit test instruments, the IM -25 

Solid -State V -O -M does all the measurement jobs normally required in 

tube or transistor circuits with the no -loading high impedance of a 

VTVM, the convenience and versatility of a VOM, and the accuracy and 

sensitivity of separate lab instruments. 

Accuracy of the impressive specifications of the IM -25 are assured by 
careful attention to design details. For example, the input of the 1M-25 

"floats," isolating the input circuit from the cabinet. (The cabinet is 

grounded by a three -wire line cord.) Double Zener-diode regulation 
minimizes zero shift when changing from line to battery operation. 
Ohms scale calibration is a set -and -forget adjustment. DC voltage meas- 

urements require only a shorted input check of meter zero. Applied 
voltage during resistance measurements is less than 100 millivolts from 
a constant -current source to avoid the possibility of erroneous readings 
or circuitry damage. 

Those who choose the kit model 1M-25 rather than the factory assembled 
and tested version will find it far easier to build than any other kit meter 
we've ever offered. All components mount on just one circuit board ... 
even the switches. No more tedious divider circuit wiring. And a special 
wiring harness is provided. 

A die-cast panel bezel ties both front and rear panels together with the 

circuit board supported between to permit removal of the cabinet shells 
without impairing operation. Convenient carrying handles are recessed 

in each of the cabinet shell mounting strips. 

Whether you choose the factory assembled model or the kit version, we 

believe you will find the 1M-25 a significant step forward in design and 
value . .. capable of creditable service in any application. 

Kit 1M-25, 10 lbs. (Available late April) 580.00 
Assembled IMW-25, 10 lbs. (Available late May) $115.00 

HEATH COMPANY, Dept. 20-4 
Benton Harbor, Michigan 49022 

D Enclosed is $ , plus shipping. 

Please send model (s) 

Please send FREE Heathkit Catalog. 

Name 

Address 

City 

(Please Print) 

State 
Prices & specifications subject to change without notice. 

Zip 
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3 -Way Combination 

FREE SPACE STANDING WAVE 

MAGNETIC ANTENNA 

z ÿaR sicNAV 

Discriminates Between 
Desired Signal and 
Unwanted Noise! 

A 

UNEXCELLED/ 
UHF -VHF - FM -COLOR 

r 

Here is an antenna with the unique ability to 
discriminate between the desired signal and 
unwanted noise! A complete absence of minor 
lobes and an extremely high front to back 
ratio are characteristics of these antennas. 
This is made possible by the development of 
the Free Space Standing Wave Magnetic 
Drive Antenna system (F.S.M.). The out- 
standing electrical qualities, combined with 
the simplified mechanical construction of this 
system yields a total performance package 
unparalleled in today's market. 4 models, 60 - 
inch to 180 -inch boom, all modestly priced. 

INVESTIGATE N0411/! 

S'84Ekeò'gmtZu. 
Manufacturers of the TARGET ANTENNA 

210 West Florence Street 

Toledo, Ohio 43605 

New Location for WWV 
AT 7:00 PM EST ON DEC. 1, 1966, NATIONAL BUREAU OF 
Standards radio station WWV terminated forever standard 
time and frequency transmissions from the Greenbelt, Md., 
site which it had occupied since 1923. At the same instant, 
the station began transmitting from its new site at Fort Col- 
lins, Colo. The central location of Fort Collins provides bet- 
ter signal coverage throughout the US. 

There are eight transmitters as in the Greenbelt installa- 
tion. Each is operated at half its maximum power rating. 
Three transmitters radiate 10 kW on 5, 10 and 15 MHz. The 
fourth 10 -kW rig is kept on standby, ready to operate on any 
of these three frequencies. Three 5 -kW transmitters radiate 
2.5 kW on 2.5, 20 and 25 MHz. The fourth 5 -kW unit is 
on standby, ready for emergency use on these frequencies. 
The transmitter drivers are bandswitching types built to NBS 
specifications. The power amplifiers are commercial units. 

Six of the antennas are modified sleeve vertical dipoles; 
each tuned to one of the transmitting frequencies and per- 
manently connected to one of the transmitters. The towers 
are 200, 100, 50, 33, 25 and 20 feet high. The 200 -footer 
operates on 2.5 MHz, the 100 -footer on 5 MHz and so on in 
inverse order of frequency. The other two antennas, on the 
standby transmitters, are 88 -foot Collins monopoles which 
can be tuned to any of the WWV frequencies. 

The NBS radio stations provide standard radio frequen- 

THE HOURLY BROADCAST SCHEDULES OF WWV & WWVH 

Seconds pulses (ticks)-continuous except for 59th second of 
each minute and during silent periods. 

Morse code: Call letters, universal time, propagation forecast 
(WWV only). 

Voice: Mountain & Hawaiian Standard Time 
Morse code: Frequency offset (on the hour only) 

n Ticks only - Station announcement 

A UT -2 time correction 

0 Geoalerts 

- Tone modulation 600 Hz 

13 100 pps 1,000 Hz modulation 
WWV timing code 

DTone modulation 440 Hz 
Circle 34 on reader's service card 
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World's Most Advanced Stereo Receiver... 
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New Heathkit AR -15...150 Watts...AM/FM/FM...$329.95 t 

"Black Magic" Panel Lighting 
A touch of the power switch and presto! ... The black magic panel lights up with a slide - 
rule oliai for easy tuning, and instant identification of all controls. 

integrated Circuits ... two are used in the 
IF amplifier for hard limiting excellent tem- 
perature stability, increased reliability. 
Capture ratio is 1.8 db. Each IC is the size 
of a tiny transistor, yet each contains 10 

transistors, 7 diodes, and 11 resistors. 

Crystal Filters ... two are used in the IF 
amplifier to replace the usual transformers 

. Heath hi-fi exclusive. Provide near -per- 
fect bandpass characteristics, (70 db selec- 
tivity) yet no adjustment is ever needed! 

AR -15 SPECIFICATIONS - AMPLIFIER SECTION: Dynamic Power Output Per Channel 
(Music Power Rating): 8 ohm load; 75 watts. Continuous Power Output, Per Channel': 
8 ohm load; 50 watts. Power Bandwidth For Constant 0.5';. Total Harmonic Distortion': 
6 Hz to 25 kHz. Frequency Response (1 watt level): -"1 db, 6 to 50,000 Hz. *3 db, 4 to 
70,000 Hz. Harmonic Distortion: Less than 0.5'; from 20 to 20,000 Hz of 50 watts output. 
Less than 0.2'; at 1,000 Hz with 50 watts output. Less than 0.2'-, nt 1,000 Hz with 1 watt output. 
Intermodulation Distortion (60 Hz: 6,000 Hz -4:1) Less than 0.5''; with 50 watts output. 
Less than 0.2'¡ with 1 watt output. Damping Factor: 45. Input sensitivity: PHONO; 2.2 
millivolts (overload 155 mv). TAPE; 200 millivolts (overloud 4.5v). AUX; 200 millivolts (over- 
load 4.5v). Hum 8 Noise: Volume control of minimum position; -80 db. PHONO; (10 milli- 
volt reference); - 60 db. TAPE & AUX. (200 millivolt reference); -65 db. Channel Separation: 
PHONO; 45 db. TAPE 8. AUX.; 55 db. Output impedance (each channel): 4, 8 & 16 ohms. 
Tape Output Impedance: 100 ohms. Input Impedance: PHONO; 51 K ohm ("RIAA equal- 
ized) AUX., TAPE & TAPE MON.; 100 K ohm. Tape Output: 0.17 volt. FM SECTION (Mono): 
Sensitivity: 1.8 uv'. Frequency Response: *l db, 20 to 15,000 Hz. Volume Sensitivity: 
Below measurable level. Selectivity: 70 db'. Image Rejection: 90 db. IF Rejection: 90 db 

minimum'. 
Capture Ratio: 1.5 db'. AM Suppression: 50 db'. Harmonic Distortion: 0.5''¡, 

or les'. Intermodulation Distortion: 0.5' or less'. Hum 8 Noise: 65 db'. Spurious 
Rejection: 100 db'. FM SECTION (Stereophonic): Channel Separation: 40 db or greater. 
Frequency Response: +1 db, 20 to 15,000 Hz. Harmonic Distortion: Less thon 1`;, at 
1,000 Hz with 100';. modulation. 19 8 38 kHz Suppression: 55 db or greater. SCA Suppres- 
sion: 50 db. AM SECTION: Sensitivity: 12 microvolts cd 1,000 kHz. Image Rejection: 
60 db at 600 kHz. 40 db at 1400 kHz. IF Rejection: 70 db at 1,000 kHz. Harmonic Distortion: 
Less than 1.5'.;: of 400 Hz, 90'';, modulation. Hum & Noise: 45 db. Power Requirements: 
105-125 or 210-250 volt 50!60 Hz AC. Dimensions: Overall, 16)y" wide x 434" high x 14' y" 

deep 
*Rated IHF (Institute of High Fidelity) Standards. 

HEATHKIT' 1967 
FREE! 

World's Largest 
Electronic Kit Catalog 

Contains full descriptions and specifi- 
cations of AR -15 and over 250 easy -to - 
build kits ... stereo/hi-fi, color TV, 
electric guitars & amplifier, organs, 
AM -FM -shortwave radios, test, marine, 
CB and ham radio. Mail coupon or write 
Heath Company, Benton Harbor, Mich- 
igan 49022. 

The New Ileathkit AR -15 ... Crowning Achievement Of The World's 
Most Experienced Solid -State Audio Engineers! There's nothing like it 
anywhere in the transistor stereo market place. Besides the use of space- 
age integrated circuits and exclusive crystal filters in the IF section, 
it boasts other "state-of-the-art" features like these: 
150 Watts Dynamic Music Power ... 75 IHF watts or 50 RMS watts 
per channel . the highest power output of any stereo receiver. De- 
livers the coolest, most natural sound you've ever heard. 
All -Silicon Transistor Circuitry . a total of 69 transistors, 43 diodes 
and 2 IC's for maximum reliability & stability. 
Positive Circuit Protection ... four Zener diodes and two thermal circuit 
breakers protect the driver and output transistors from overloads and 
short circuits of any duration. 
Field Effect Transistor FM Tuner ... cascode 2 -stage FET RF amplifiers 
and an FET mixer provide high overload capability, excellent cross 
modulation and image rejection. Sensitivity 1.8 uv. Features a 4 -gang 
variable capacitor and 6 tuned circuits for extreme selectivity under the 
most adverse conditions. Completely shielded ... completely assembled 
for best performance. 
Two Calibrated Tuning Meters ... a signal strength indicator tells you 
when you receive the strongest signal - doubles as a VOM for check- 
out during or after kit construction. A special "Center -Tune" meter 
puts you on exact station frequency. 
Tone -Flat Switch ... bypasses tone control circuit for completely flat 
response. 
Automatic FM Squelch . noise and AFC operated to hush between - 
station noise before you hear it. 
Stereo Only Switch . . . silences all mono when you wish to listen to 
stereo broadcasts only. An added tuning convenience! 
Super SCA Filter ... removes SCA and noise frequencies above 57 kHz 
for clean, quiet listening. 
Massive Power Supply ... for low heat and superior regulation - elec- 
trostatic and magnetic shielding for lowest hum and noise. 
Electronic Filter Circuit .. . provides power supply with exceptionally 
low ripple and excellent regulation. 
Adjustable Phase Compensator for Station Differences . , . so you can he 
assured of the best stereo. 
Wide Range Magnetic Phono Inputs . . extra overload characteristics 
(98 db dynamic range). All inputs adjustable from front panel. Plus 
automatic switching to stereo, transfornlerless design, filtered outputs 
and it host of other deluxe features for the discriminating audiophile. 
An assembled wrap -around walnut cabinet with a vented top is avail- 
able at $19.95. Liberal credit terms also available. 

t Kit AR -15 (less cabinet), 28 Ibs. $329.95 
AE -16, assembled walnut cabinet, 7 lbs.. $19.95 

WM MW MW WW UM MM WM erre WE 

HEATH COMPANY, Dept. 20-4 
Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 

Enclosed is $ 

Please send model (s) 

Name 

Address 

City 

plus shipping. 

State 
Prices & specifications subject to change without notice. 
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Swingin' 

Combo 

for 

Top 

Performance! 

s 

NEW SENCORE SM112B 

SERVICE MASTER VTVM/VOM 
Here it is - the third generation of Sencore's 
famous Service Master - the two -in -one profes- 
sional instrument that saves your time, speeds 
your service work, puts extra profits in your 
pocket. 

Just one function switch, one range switch 
and one probe provide all functions of 
VTVM and VOM. 
Voltage, current and resistance in 33 ranges - for accurate measurements anywhere, 
anytime. 
VTVM operates from 115v AC for precise 
bench or lab work; battery powered VOM 
gives you a 5000 ohms per volt meter. 
Lighted arrows automatically indicate VTVM 
scales. 
Large, easy -to -read 6 -inch two percent 
meter covers all measurements. 
Handsome new styling in tough, vinyl -clad 
steel case. 
Optional high voltage probe attaches for 
measuring up to 30,000 volts DC. 

So why use two when one will do - the new 
Sencore SM112B. Truly professional 

$89.95 quality, and still only 07 
High Voltage Probe HP118 $7.95 

NO I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 

cies, standard audio frequencies, musical pitch, time inter- 
vals (1 second, 1 minute, 1 hour, etc), time signals indi- 
cating Universal Time, Universal Time corrections (UT2), 
propagation forecasts and geophysical alerts. The hourly 
broadcast schedules of WWV and WWVH are shown. 

Radio broadcasts from WWV on 2.5, 5, 10, 15, 20 and 
25 MHz are continuous night and day except for silent 
periods of approximately 4 minutes beginning 45 minutes 
after each hour. Broadcast frequencies are held constant 
to within 5 parts in 1011. WWVH transmits on the four 
lower frequencies with 4 -minute silent periods beginning 
15 minutes after each hour. WWVB and WWVL broadcast 
continuously on 60 and 20 kHz, respectively, with normal 
stability of 2 parts in 1011. 

Standard audio frequencies of 440 and 600 Hz are 
broadcast on all WWV and WWVH frequencies. The tones 
are transmitted alternately in 5 -minute intervals beginning 
with 600 Hz on the hour. The first tone transmission from 
WWV is 3 minutes long, all others are 2 minutes long. At 
WWVH, all tone transmissions are of 3 -minute duration. 
WWVB and WWVL do not transmit standard audio tones. 

For time signals, the audio frequencies are interrupted 
precisely 3 minutes before each hour at WWV and 2 minutes 
before each hour at WWVH. The tones are restored on the 
hour and at 5 -minute intervals throughout the hour. 

Universal Time (referenced to the zero meridian at 
Greenwich, England) is announced in International Morse 
Code each 5 minutes from WWV and WWVH. At WWV, 
a voice announcement in Mountain Standard Time is made 
during the last half of each fifth minute during the hour. At 
WWVH, a similar voice announcement of Hawaiian Stan- 
dard Time is made during the first half of each fifth minute. 
WWVB transmits a special time code. WWVL does not 
transmit time signals. 

Corrections to be applied to Universal Time signals 
are given in International Morse Code during the last half 
of the 19th minute from WWV and during the last half of 
the 49th minute from WWVH. The correction symbols 
consist of UT2 followed by AD (for add) or SU (for sub- 
tract) followed by a 3 -digit number indicating the correc- 
tion in milliseconds. 

Propagation forecast announcements in Morse Code in- 
dicating ionospheric conditions and the quality of radio 
reception that can be expected within the next 6 hours are 
made from WWV at 0500, 1200 (1100 in summer), 1700 
and 2300 UT. The forecast consists of a letter and a num- 
ber. The letters N, U and W indicate normal, unsettled and 
disturbed conditions, respectively. Numbers 1 to 4 (dis- 
turbed) indicate useless, very poor, poor and poor -to -fair; 
5 (unsettled) is fair; 6 to 9 (normal) indicate fair -to -good, 
good, very good and excellent, respectively. 

A letter symbol indicating the current geophysical alert 
is broadcast in slow Morse from WWV during the first half 
of the 19th minute of each hour and from WWVH during 
the first half of each 49th minute. The geophysical alert 
identifies days in which outstanding solar or geophysical 
events are expected or have occurred during the preceding 
24 -hour period. 

The announcement is identified by the letters GEO fol- 
lowed by the letter symbol repeated five times. The letter 
M means magnetic storm, and .N is magnetic quiet. C is 
cosmic -ray event. E means no geoalert issued. S indicates 
the presence of solar activity, and Q is solar quiet. W is 
stratospheric warning. 

More complete information on the services of NBS 
stations WWV, WWVH, WWVB and WWVL will be found 
in NBS Standard Frequency and Titne Services (Miscel- 
laneous Publication 236) available from Superintendent of 
Documents, US Government Printing Office, Washington, 
D.C. 20402, for 15 cents per copy. END 
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"I Purchased the Heathkit® GR -295 to Break Into Color, 
and I Found Your Assembly and Service Manual to be a 
Complete Color TV Education in Itself"* 

Kit G R-295 

$47995 
* 

(295 sq. in. viewing area) 

What Better Way To Learn 
Color TV Than To Build One 
Yourself! Smart man, Mr. 
Scandura. He built a beauti- 
ful color TV set that's worth 
$700.00 and got a free educa- 
tion in the process. You can 

oo, with either of these deluxe Heathkit high 
fidelity color TV's. Kit assembly is easy . 

you just mount the parts, wire the leads and 
even degauss, converge, and adjust the picture. 
Takes around 25 hours. UHF and VHF tuners, 
I. F. assembly and high voltage power supply 
are preassembled & aligned at the factory. 
And each set includes a I78 -page instruction 
manual that's lavishly illustrated with draw- 
ings, photographs, schematic diagrams, X-ray 
views of circuit boards and even 32 pages in 
full color. Only 59 pages are devoted to the 
simple step-by-step instructions. The rest is a 
comprehensive discussion on theory of opera- 
tion, detailed descriptions of each circuit, 
trouble -shooting photos & charts, service in- 
formation, adjustments and operation. 
And The Performance? In his letter Mr. 
Scandura added: "Your engineers did an out- 
standing job in designing a set so easy to 
build, and which produces a picture quality 
superior to any commercially built set I hare 
seen. What a thrill to find the set operating 
perfectly the first time I turned it on and ad- 
justed the picture." Now compare these other 
exclusive Heathkit Color TV features! 

I HEATHKI7 1967 

Exclusive Self -Serv- 
icing Aids ... built into 
both Heathkit color 
TV's so you can per- 
form convergence and 
color purity adjust- 
ments anytime. Just flip 

FREE! 
World's Largest 

Electronic Kit Catalog! 
Describes these and over 250 
kits for stereo/hi-fi, color TV, 
amateur radio, shortwave, test, 
CB, marine, educational, home 
and hobby. Save up to 50% by 
doing the easy assembly your- 
self. Mail coupon or write Heath 
Company, Benton Harbor, Mich- 
igan 49022 

*Mr. Philip A. Scandura, Phil's Radio & TV Clinic, Hackensack, N.Y. 

Kit GR -180 

$37995 
** 

(180 sq. in. viewing area) 

a switch on the built-in dot generator, and a 
dot pattern appears on the screen. The man- 
ual's simple -to -follow instructions and detailed 
color photos show you exactly what to look 
for, what to do and how to do it. Results? 
Beautifully clean and sharp color pictures day 
in and day out. 

Vertical Swing -Out 
Chassis. All parts 
mount on a single one- 
piece chassis that's 
hinged to make it more 
accessible for easier 

, construction, care and 
instillation. 

Your Choice Of In- 
stallation. Another 
Heathkit exclusive! 
Both color TV's are 
designed for mount- 
ing in a wall or your 
own custom cabi- 
net. Or you can in- 
stall either set in a choice of factory assembled 
& finished Heath contemporary walnut or 
Early American cabinets. 

Exclusive Heath Magna - 
Shield! This unique metal 
shield surrounds the entire 
picture tube to help keep 
out stray external magnetic 
fields and improve color 
purity. In addition, Auto- 

matic Degaussing demagnetizes and "cleans" 
the picture everytime you turn the set on from 
a cold start. Also permits you to move the set 
about freely without any manual degaussing. 
A mobile degaussing coil is included for initial 
set-up. 

HEATH COMPANY, Dept. 20-4 
Benton Harbor, Michigan 49022 

Enclosed is $ 
. plus shipping. 

Convergence Control Board! .. 
for fast, easy dynamic conver- 
gence and gray scale adjustments 
any time you decide color pur- 
ity needs it. This board may be 
mounted up front, so there's no 
awkward reaching around the 
back of the set, or mirrors to set up. 

Plus a Host Of "State -Of -The -Art" Features 
.. like the hi-fi rectangular picture tube with 

"rare earth" phosphors for brighter, livelier 
colors and sharper definition . Automatic 
Color Control and Gated Automatic Gain Con- 
trol to reduce color fading and insure steady, 
jitter -free pictures at all times ... deluxe VHF 
Turret Tuner with "memory" fine tuning.. . 

2 -Speed Transistor UHF Tuner ... Two Hi-Fi 
Sound Outputs for play through your hi-fi sys- 
tem or connection to the special limited -field 
speaker ... Two VHF Antenna Inputs - 300 
ohm balanced and 75 ohm coax ... 1 -Year 
Warranty on the picture tube, 90 days on all 
other parts ... plus many more deluxe features. 
For full details, mail coupon for FREE Heath - 
kit catalog. 

'Kit G R-295, everything except cabinet, 
131 lbs. . 8479.95 

G RA -295-1, walnut cabinet (shown above), 56 
lbs...19"Dx31"Hx34'/:"W 862.95 
Deluxe contemporary walnut & Early American 
cabinets also available at $94.50 and $99.95 

"Kit G R-180, everything except cabinet, 
102 lbs. . $379.95 

GRA-180-1, walnut cabinet (shown above), 41 
lbs... 18'" D x 28'4" W x 29" H $49.95 
Early American cabinet available at 575.00 

Please send model (s) 

Please send FREE 1967 Heathkit Catalog, 

Name 

Address 

City State 
Prices & specifications subject to change without notice. 

Zip 
CL -286 

-J 
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RADIO -ELECTRONICS READER'S SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. Include zip code! 

2. Circle the number on the card that cor- 
responds to the number appearing at 
the bottom of the New Products, New 
Literature or Equipment Report in which 
you are interested. 
For literature on products advertised in 
this issue, circle the number on the card 
that corresponds to the number appear- 
ing at the bottom of the advertisement 
in which you are interested. Use the 
convenient index below to locate quick- 
ly a particular advertisement. 

3. Mail the card to us (no postage required 
in U.S.A.) 

Advertisements in this issue offering free 
literature (see the advertisements for prod- 
ucts being advertised): 

ALLIED RADIO CORP. (Pg. 78) 
ARROW FASTENER CO., INC. (Pg. 87) 
ARTISAN ORGANS (Pg. 64) 

BLONDER -TONGUE (Pg. 66) 
BRACH MANUFACTURING CORP. (Pg. 62) 
BROOKS RADIO & TV CORP. (Pg. 88-89) 
BROWNING LABORATORIES, INC. (Pg. 86) 

Circle 107 

Circle 120 
Circle 25 

Circle 29 
Circle 24 

Circle 124 
Circle 118 

CASTLE TV TUNER SERVICE, INC. (Pg. 62) Circle 23 
CLEVELAND INSTITUTE OF ELECTRONICS (Pg. 23) 

Circle 18 
CONCORD ELECTRONICS CORP. (Pg. 81) Circle 113 
CORNELL ELECTRONICS CO. (Pg. 94) Circle 146 

DELTA PRODUCTS, INC. (Pg. 79) Circle 110 
DE VRY INSTITUTE OF TECHNOLOGY (Pg. 5) Circle 9 

EDMUND SCIENTIFIC CORP. (Pg. 93) Circle 144 
ELECTRO -VOICE, INC. (Pg. 27) Circle 21 
ELPA MARKETING INDUSTRIES, INC. (Pg. 78) Circle 109 

FINNEY CO. (Pg. 7) Circle 11 

HEALD ENGINEERING COLLEGE (Pg. 87) Circle 122 
HEATH CO. (Pg. 69, 71, 73) Circle 33 

HELP US COMPLETE THIS 
PROFILE OF OUR READERS! 

At the bottom of the Readers Service 
Card, you'll find numbers from 1 through 
6. Please read the two questions below. 
Then, on the Card, circle the two numbers 
that represent your answers to the two 
questions. 
MY INTEREST IN ELECTRONICS IS 
CHIEFLY 

1 Professional (I make my living in elec- 
tronics) 

2 Nonprofessional (I look on electronics 
as a hobby) 

3 Both (I work in electronics, and also 
consider it a hobby during off 
hours) 

MY AGE GROUP IS 
4 25 years old or under 
5 Between 26 and 35, inclusive 
6 36 or over 

OLSON ELECTRONICS, INC. (Pg. 82) 
OXFORD TRANSDUCER CO. (Pg. 16) 

PERMA-POWER CO. (Pg. 77) 

Circle 114 

Circle 15 

Circle 106 
PIONEER ELECTRONICS U.S.A. CORP. (Pg. 82) 

Circle 116 

Circle 147 POLY PAKS (Pg. 95) 

RADIO SHACK (Pg. 1) Circle 8 
RCA ELECTRONIC COMPONENTS AND DEVICES 

SEMICONDUCTORS (Pg. 67) Circle 31 
RYE INDUSTRIES, INC. (Pg. 84) Circle 117 

S & A ELECTRONICS, INC. (Pg. 70) 
SAMS & CO., INC., HOWARD W. (Pg. 22) 
SCIENTIFIC ASSOCIATES CORP. (Pg. 26) 
SENCORE (Pg. 72) 

Circle 34 
Circle 17 

Circle 20 
Circle 35 

SOLID STATE SALES (Pg. 93) Circle 145 
SONOTONE CORP. (ELECTRONIC APPLICATIONS 

INTERNATIONAL CRYSTAL MFG. CO., INC. (Pg. 96) 
Circle 148 

INTERNATIONAL RADIO EXCHANGE (Pg. 80) Circle 112 

DIV. (Pg. 90) 
SONY CORP. OF AMERICA (Pg. 80) 
SPRAGUE PRODUCTS CO. (Pg. 68) 
SURPLUS CENTER (Pg. 90) 

Circle 126 
Circle 111 

Circle 32 
Circle 125 

JERROLD ELECTRONICS CORP. (DISTRIBUTOR SYLVANIA (Pg. 65) Circle 28 

SALES DIV. (Pg. 17) Circle 16 

JFD ELECTRONIC CORP. (Pg. 14-15) Circle 14 TEXAS CRYSTALS (Pg. 78) Circle 108 
TRIPLETT ELECTRICAL INSTRUMENT CO. 

LAFAYETTE RADIO ELECTRONICS (Pg. 87) Circle 121 (Second Cover) Circle 7 

MALLORY DISTRIBUTOR PRODUCTS CO. WARREN ELECTRONIC COMPONENTS (Pg. 92) 

(Third Cover) Circle 149 Circle 143 

MICROFLAME, INC. (Pg. 86) Circle 119 WINEGARD CO. (Pg. 24-25) Circle 19 

MULTICORE SALES CORP. (Pg. 88) Circle 123 
MUSIC ASSOCIATED (Pg. 64) Circle 26 XCELITE, INC. (Pg. 12) Circle 12 
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NEW PRODUCTS 
More information on new products is available free from the manufacturers of 
items identified by a Reader's Service number. Turn to the Reader's Service 
Card facing page 74 and circle the numbers of the new products on which you 
would like further information. Detach and mail the postage -paid card. 

CB TRANSCEIVER KIT, Safari III. 
Solid-state design. All silicon transistors. 
12 Vdc. Mounts into separate ac power 
supply, factory -assembled, to convert into 
base station. Portable with battery pack. 
Transmitter section factory -assembled. 

Step-by-step instructions. Sensitivity 1.5 
µV for 10 dB S/N ratio. I.f. selectivity±4 
kHz at 6 dB down for 10 µV input. Ad- 
jacent -channel rejection over 30 dB on 5 
tuned circuits. Transmitter power input 
5W, output 3W. Output matches 50 -ohm 
antennas. Modulation ±80% minimum. 
On -off volume control; adjustable squelch; 
illuminated selector switch; fine-tuning 
control; transmit indicator light; S -meter. 
23i x 67é x 8312 in. $84.50. Power supply and 
charger, $19.95. Accessory battery pack, 
$19.95.-Allied Radio Corp. 

Circle 46 on reader's service card 

POCKET DICTATING MACHINE, 
Fi -Cord 300 and Fi -Cord 303. Friction - 
finish gives nonslip grip. 3 springback 
pushbuttons. Built-in dynamic micro- 

phone-speaker. Playback volume control. 
312 -oz amplifier-speaker attachment for 
higher volume. Insulated snap -in battery 
tube. Uses standard penlight -size batter- 
ies. Instant drop -in loading. ii -in, self- 
cleaning tapes record up to 48 min. with 

audible end -of -tape signal, and motor 
stops automatically. Electronically gov- 
erned motor maintains constant speed of 
1% ips. 11 transistors, 5 diodes. 3 -digit 
counter, resettable to zero, provides in- 
stant indexing. Single input and output 

socket accepts all accessories. Metal 
housing. Fi -Cord 303 is compatible with 
most single-track units. $209.95.-Karl 
Heitz Inc. 

Circle 47 on reader's service card 

82 -CHANNEL TV/FM ANTEN- 
NAS, the LPV Color Laser, model LPV- 
CL500 illustrated. "Cap -electronic" Log 
Periodic -V for vhf, broadband "zoned" 
trapezoid driver for uhf and broadband 
disc -on -rod uhf director system-all inte- 
grated into single antenna. Vhf-uhf-FM 
signal splitter is mounted on back of set. 
8 models. Gold anodized. Model LPV- 
CL55 has a vhf range up to 30 miles, uhf 

SHARP NEW 
BR! TENER 

PROMO TION! 

ui S 
with your next pack 
Vu-Brites or Tu -Brite 
This useful premium item is a 
cut above most "free gifts," 
just as Perma-Power Vu -Brite 
and Tu-Brites are a cut above 
most briteners. These are 6 an 
8 -inch straight trimming 
scissors, nickel -plated, with 
magnetized blade tips... 
and they're included with both 
of these specially priced 
Britener Packs ... available 
cow from your distributor. 

spECIAL 

'8.95 

TU-BRITES-It the base is 
right, the boost is right! 4 
assorted TuBrites-only 
$8.95-including the scis- 
sors! 

VU-SRITE5-The world's 
best-selling Britener! 12 
Series or 12 Parallel Vu- 
Brites --only $9.95 -includ- 
ing the scissors( 

SHARP 

SERVICEMEN 

RELY ON 

PERMA-POWER 

TO GIVE 

EXTRA LIFE 

TO FADING 

PICTURE 

TUBES! 

APRIL 1967 77 PERMA-POWER COMPANY 
5740 North 
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Build your own 

AUTO ANALYZER 
-and SAVE! 

It's FUN! 
It's EASY! knight -kite 

FROM 

ALLIED RADIO 
Headquarters for Everything in Electronics 

SetEngineldle-Auto 
Trans. Shift Points 

CHECK: 

Distributor wear 

Dwell angle 
Voltage regulator 
Condensers 
Point surfaces 
Coil resistance 
Ground circuits 
Alternator diodes 

Engine timing 
Spark output 
and much more. 

Save double on this 
famous Knight -Kit 
Auto Analyzer. Build 
it yourself and save 
factory assembly 
Costs. Then use it for 
tuneups and trouble- 
shooting to hold 
down car upkeep. 

Write for special 
introductory offer. 

No Money Down 
$5 Monthly 

ALLIED l9AD/D 
Dept. 2D, P.O. Box 4398, Chicago, III. 60680 

Circle 107 on reader's service card 

CRYSTALS 
are not all the 

same! i INSIST ON 

If your dealer is temporarily 
out of stock or does not car- 
ry Texas Crystals, send us 
his name along with your 
request for catalog to our 
plant nearest you. 

Texas Crystals quality is outstand- 
ing as evidences l by use in nu- 

merous government space projects 
where there's no compromise with 
quality, reliability or accuracy. The 
same dependable performance is 
yours for CB operation on all 23 
channels at only $2.95 per crystal. 

Send for Free Catalog with Circuits 

TEXAS 
CRYSTALS 

A Division of Whitehall Electronics Corn. 

1000 Crystal Drive 4117 W. Jefferson Blvd. 
Fort Myers, Florida Los Angeles, California 
Phone 813 WE6-2109 Phone 213 731-2258 

Circle 108 on reader's service card 

REVÓX o 

Enlarged view of photo- 
sensitive cut-off switch area. 

MARK III 
G-36 TAPE RECORDER 

We can't begin to tell you about all the many features of this quality tape 
recorder. So here are a few facts: 

101/2 inch reel - up to 4800 feet of play. 
Three Papst motors. 
Exclusive photosensitive cut-off switch. 
No belts - direct drive. 
33/4/71/2 IPS -2 track or 4 track. 
Only $549. 

Get the complete details at your hi-fi dealer 
or write for literature. Dept. 7E4. 

ELPA MARKETING INDUSTRIES, INC., NEW HYDE PARK, N.Y. 11040 

NEW PRODUCTS continued 

and FM up to 20 miles, 9 elements 
$17.50. Other models have vhf range from 
40-150 miles and from 16-35 elements, 
$19.95-$69.95.-JFD Electronics Corp. 

Circle 48 on reader's service card 

TRIGGERED -SWEEP OSCILLO- 
SCOPE, model LBO-5SA Synchroscope, 
for audio, radio and pulse circuits, wave- 
form observation and voltage measure- 
ments. Vertical -channel sensitivity: ac, 
10 mV to 20 V p-p/cm; dc, 0.1 V to 20 V 
p-p/cm. Frequency response: ac -2 Hz to 
5 MHz, -3 dB; dc-to 5 MHz, -3 dB. 

Input impedance: direct, 1 meg-50 pF; 
probe, 1 meg-20 pF. Rise time .08 µsec. 
Horizontal sweep speed is 1 µsec/cm max- 
imum. External sweep, 3 V p-p/cm or bet- 
ter; dc to 300 kHz, -3 dB. 5X sweep mag- 
nifier. Power supply 117 V at 60 Hz. In- 
cludes 1 probe, 10:1 stepdown, 1 terminal 
adapter. 12'2 x 8;2 x 17h in., 34 lb. $299.95. 
-Fairlane Electronics, Inc. 

Circle 49 on reader's service card 

CLOSED-CIRCUIT VIDEOTAPE 
RECORDER/TV RECEIVER COMBI- 
NATION, the VR -6175. Permits record- 
ing TV broadcasts for instant replay. 21 - 
in. receiver, model TR -821 manufactured 
by Motorola, modified so that no addi- 
tional equipment or professional installa- 
tion is required. Companion camera, 
model CC -6450, allows user to make live 

Circle 109 on reader's service card 
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recordings. Remote -control operation of 
recorder from camera. Includes tripod, 
cable and lens. Recorder/TV combination, 
$1,695.-Ampex Corp. 

Circle 50 on reader's service card 

BIDIRECTIONAL PORTABLE PA, 
the Antplibox. Battery -operated, all -tran- 
sistor. Two built-in speakers. Dynamic, 
directional cardioid microphone with 
windscreen. 8 flashlight batteries, 4 W 
usable power. No warmup time. Remote 
on-off control, external volume control. 
9 x 8 x 3h in., 4 lb. Shoulder strap and 
cable.-American Geloso Electronics Inc. 

Circle 51 on reader's servire card 

MUTUAL CONDUCTANCE TUBE 
CHECKER, the MU140 Continental. Uses 
5 -kHz square wave; measures in actual 
micromhos. Automatic biasing system 
eliminates one setup control. Measures 
emission, too. High -sensitivity grid -leak- 
age tests spot as little as 100 megs; tests 

Why settle for less? Buy the Best! 
THE FABULOUS 

MARK,TENCAPACITIVE DISCHARGE 

IGNITI ON SYSTEM 

Available in 
easy -to -build 
kit form 
at only 

$2995., 

Dramatically improve the performance of 

your car - or any vehicle. Racers and 

Pacers from Sebring to Suburbia by the 

thousands attest to the peerless perform- 

ance of the Mark Ten. Delta's remarkable 

electronic achievement, proven for four 

years, is often copied, never excelled. 

Only 

$4495 ppd 

Ready for these? 

A Dramatic increase in acceleration 

A Longer point and plug life 
Improved gasoline mileage 

A Complete combustion 

A Smoother performance 

Ready? Order today! 

r 

BE YOUR OWN MECHANIC 
Tune-up 

DWELL METER $12.95 ppd. 

A universal precision instru- 
ment for use in tuning all 
vehicles, regardless of the 
number of cylinders or bat- 
tery polarity. Gives correct 
point dwell readings on ve- 
hicles equipped with capaci- 
tive discharge, transistor or 
conventional ignition. Preci- 
sion accuracy at low cost. 

Tune-up 

A Portable, high -impact case for 
rugged work 

A Large, easy -to -read 31/2 inch 
precision jeweled meter 

A Wide scale - reads dwell angles 
in degrees 

A All solid state 

TACHOMETER $14.95 ppd 
A universal precision instru- 
ment for making carburetor 
adjustments on all vehicles, 
regardless of the number of 
cylinders or battery polarity. 
Gives precise RPM readings 
on vehicles equipped with 
capacitive discharge, tran- 
sistor or conventional igni- 
tion. Gives you better gas 
mileage, fuel savings and 
peak engine operation. 

Large, easy -to -read 31/2 inch 

precision jeweled meter 

A Portable, high -impact case for 
rugged work 

Range: 0 to 1200 RPM 

A All solid state 

DELTA PRODUCTS, INC. 
DELTA 

Please 

P.O. BOX 

Enclosed is $ 

Dwell Meters 

D Tach Meters 
(12 volt 

Specify -III Positive Ground 
Car Year 

Name 

send: 

1147 RE GRAND JUNCTION, COLORADO 81501 

Ship prepaid. Ship C.O.D. 
@ $12.95 D Mark Tens (Assembled) @ $44.95 
@ $14.95 D Mark Tens (Delta Kit) @ $29.95 
positive or negative ground only) 

Negative Ground D 6 or 12 volt 
Make 

Address 

City State Zip 

1 
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Sorry, the new Sony FM stereo tuner won't be here until April. 

You know the kind of magic Sony works with transistors. Well, 
they've done it again. This time with a new solid-state FM stereo 
tuner. But, it won't be available at your hi-fi dealer until April. 

Meanwhile, visit your dealer and audition the Sony TA -1120 
solid-state stereo integrated amplifier-the one that's drawing rave 
notices from the high fidelity editors. 
Tell your high fidelity dealer to save 
a front -row seat to hear the new 
Sony FM tuner, available in April. 

Sony Corporation of America, 
Dept. H, 47-47 Van Dam Street, 
Long Island City, New York 11101 

Circle 111 on reader's service card 

A 

OPERATORS 
TENTION! 

CB 
save on citizens radio equipment 

Discontinued Models From 

International Radio Exchange 

Select that extra trans- 
ceiver for mobile or base 
installation, or equip a new 
station. Our stock includes 
International types as well 
as other makes. 

Write Today for A 

Complete List of 
Equipment in Stock 

INTERNATIONAL 

RADIO EXCHANGE 
18 NO. LEE, OKLA. CITY, OKLA. 73102 
Division Of International Crystal Mfg. Co. 

Dealing In Used Citizens 
Radio Equipment 

NEW PRODUCTS continued 

shorts as light as 180K between elements. 
Space for sockets to accommodate future 
tubes with different base arrangements. 
Vinyl -clad steel "attache" case. Up-to-date 
tube chart. $179.50.-Sencore, Inc. 

Circle 52 on reader's service card 

8 -TRACK TAPE AND RECORD 
PLAYER, model CC -890. Solid-state, all - 
transistor. Garrard 50 MKII automatic 
turntable; Tetrad cartridge. 14 transistors, 
3 diodes. Auxiliary input jack for stereo 
tuner; stereo earphone, output jack and 
switch. 4 speakers with crossover network. 
Frequency response 20-20,000 Hz. 20-W, 

cool -chassis amplifier. 6 separate controls. 
Two 8 -in. heavy -magnet woofers and two 
3"z in. tweeters. Pushbutton program se- 
lector for tape player. Automatic continu- 
ous play and repeat. Tape speed 3lí ips. 
Wow and flutter less than 0.3% total. Wal- 
nut cabinet. $289.95.-Capitol Records 
Distributing Co. 

Circle 53 on reader's service card 

5 -BAND PORTABLE CB RE- 
CEIVER AND DIRECTION FINDER, 
the Nova CB. Tunes all 23 CB channels 
on 2 separate bands. Other tuning ranges: 
police/marine/shortwave band, 1.5-4.5 

MHz; low -frequency beacon/weather 
band, 200-400 kHz; and standard AM 
broadcast band. Double conversion with 
crystal -controlled front end and tunable 
i.f. strip. Mechanical filter, 4 tuned cir- 
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cuits. Adjustable squelch control. Accu- 
rately calibrated rotatable antenna and 
null metter. 13 transistors. Operates on 
internal batteries as well as external power 
( auto or boat batteries; 117 Vac ). Leather 
carrying case, chrome mounting brackets, 
3 telescoping whip antennas, headphone 
jacks, miniature earpiece, pushbutton 
light, external power tord, and ac adapter. 
Optional accessories include: rooftop an- 
tenna cut to Citizens band, solar cell bank. 
2;2 lb, 8 x 5 x 2 in. $129.95-Nova-Tech, 
Inc. 

Circle 54 on reader's service card 

NUVISTOR/ 
TRANSISTOR 
TUNER CLEANER, 
No. 800 Tun-O-Lube. 
Especially developed 
for nuvistor and all - 
transistor circuitry. No 
frequency drift. Safe 
to use on all plastics. 
-Chemtronics, Inc. 

Circle 55 on reader's service card 

CB RADIO, model J-23. Selectivity: 
5 kHz at 6 dB, 20 kHz at 60 dB. Sensi- 
tivity: 0.7 mV at 30% mod., 0.3 mV at 
100% mod. Adjacent -channel rejection: at 
least 60 dB. Audio output: 2 watts at 
0.3 mV, 100% mod. Audio response: 250- 
3,500 Hz. Squelch sensitivity: 0.2 mV. 
PA output: 2.5 watts. Speaker impedance: 
3.2 ohms. Transmitter power output: 3.2 
watts ( nominal) (12.6-Vdc source) for 5 - 
watt input. Temperature range: -20- 
150°F. Frequency stability: better than 
.005%. 23 channels, dual conversion, pro- 
visions for external speaker and PA. Iso- 
lated series noise gate. Heavy -gauge 
aluminum construction. 2 x 6 -in, speaker. 
$239.95.-Sonar Radio Corp. END 

Circle 56 on reader's service card 

SERVICING COLOR WITH 
VTVM 

It's not impossible, just a technique 
often overlooked. Use your 
voltmeter carefully and you'll lick 
mcst chroma problems. Learn 
this useful and valuable 
troubleshooting method in 

May RADIO -ELECTRONICS 

APRIL 1967 

News! Concord's first tape deck 
gives you "TP" 

...new Total Performance superiority 
Now from Concord, one of the three leaders in the audio and video tape 

recorder industry, the first Concord Tape Deck. Whether you're getting your 
first tape deck or stepping up, get acquainted with the new Concord Model 
501D. It's a revelation. 

Here, for under $170, features you'd expect only at a much higher price. 
4 -track, 3 -speed operation ... smooth, balanced tape transport with automatic 
shut-off...Trans-A-Track recording... cue lever for professional editing...many 
others. Yet, features tell only part of the story. 

The big difference with Concord is compatible designing. Precision design of 
every component for peak performance individually and in conjunction with 
all other components ... for new Total Performance superiority. This is the 
hidden feature that assures outstanding performance combined with depend- 
able, trouble -free operation in all Concord products ... and now in the new 
Concord 501D Tape Deck. 

You can't see Concord compatible designing ... you have to experience it. 
Feel free to write for literature, of course... 
but we urge you to have your Concord 
dealer demonstrate the Concord 501D Tape 
Deck for you. Today. That's the way to know 
"TP" can double your enjoyment and satis- 
faction. 

Tire Signature of Çuaíoy 

CONCORD AUDIO TAPE RECORDERS 
VIDEO TAPE RECORDERS 
CLOSED CIRCUIT TELEVISION 

ELECTRONIICS CORP. COMMUNICATIONS PRODUCTS 

81 1935 ARMACOSTAVENUE LOS ANGELES, CALIF. 90025 

Specifications-Frequency Response: 30- 
18,000 cps 3 cycles. Wow á Flutter: .17% ® 
7% ins., .22% Cig, 3% ips. Three Tape Speeds: 
7%, 3%, 1% ips. Signal to Noise Ratio: 
Better than 50 db. Level Indicator: Two VU 
Meters. Input Provisions: Low impedance 
Microphone, high impedance line. Output 
Provisions: Line output. Reel Capacity: Up 
to 7". Horizontal/Vertical Operation: Rub- 
ber -footed brackets for vertical operation 
included. Dimensions and Weight: 14%' W 
x 12%." H x 4%".D. 20 lbs. 
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'THIS SPACE CONTRIBUTED BY THE PUBLISHER 

rFill in coupon for a FREE One Year Sub , 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi-Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS, INC. 

584 S. Forge Street Akron, Ohio 44308 

Circle 114 ott reader's service card 

The Voice. Anybody's voice. Your 
voice. It has a special quality and tim- 
bre all its own. But. 

! If it should become hoarse or if a 
cough should persist, find out what the 
reason is. Promptly. It could be a warn- 
ing signal of cancer. And cancer is eas- 
ier to cure when it's detected early. 

Frank Sinatra knows the seven warn- 
ing signals of cancer. Do you? 1. Un- 
usual bleeding or discharge. 2. A lump 
or thickening in the breast or else- 
where. 3. A sore that does not heal. 
4. Change in bowel or bladder habits. 
5. Hoarseness or cough. 6. Indigestion 
or difficulty in swallowing. 7. Change 
in a wart or mole. 

If a signal lasts longer than two 
weeks, see your doctor without delay. 

It makes sense to know the seven 
warning signals of cancer. 

It makes sense to give to the 
American Cancer Society. 

When a Pioneer Speaks 
...it's time to listen! 

That's when you'll hear the optimum 
in tonal quality ... sound reproduction 
at its faithful best. 
You can always count on Pioneer 
speakers and speaker systems to de- 
liver a quality performance. Every 
time. All the time. 
Made by the world's largest manufac- 
turer of speakers,. this premium audio 
equipment available at popular prices. 
And you can select from many fine 
models - from the unique, handsome 
metal -grilled CS -24 Auxiliary Wall 

eir) 140 SMITH AVE. FARMINGDALE, LONG ISLAND, N.Y. 11735 (516) 694.7720 

Speaker to the efficient, compact 
CS -20, CS -52 and the Ultimate 5 -speak- 
er CS -61 Bookshelf System. All carried 
only by franchised dealers. 
A word from you and we'll send litera- 
ture and the name of your nearest 
dealer. 
(A) CS -62 Bookshelf 3 -way speaker system 
(3 speakers). Oiled walnut enclosure. Meas. 
25%" x 153/a" x 1113/6", retail price: $142.00. 
(B) CS -61 Bookshelf 3 -way speaker system (5 
speakers). Oiled walnut enclosure. Meas. 
241/4" x 16'ás"x 131/4", retail price: $175.00. 

PIONEER ELECTRONICS U.S.A. CORPORATION 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
are free for the asking with a Reader's 
Service number. Turn to the Reader's 
Service Card facing page 74 and 
circle the numbers of the items you 
want. Then detach and mail the card. 
No postage required! 

PERMEABILITY TUNED OSCILLATOR 
SPEC SHEET. Oscillator features solid-state de- 
sign. Temperature -compensated with stability bet- 
ter than 15 Hz drift/degree over temperature 
range from 0°-140°F. Particularly suited for ham 
radio.-TRW Electronic Components Div., Mili- 
tary & Industrial Operation 

Circle 57 on reader's service card 

PORTABLE LOUDSPEAKER SYSTEM, 
How -to -do -it Instructions to build the Super -Cube, 
a portable loudspeaker for pocket -sized transistor 
radios (for under $15). Complete materials list 
and instruction.-Jensen Mfg. Div./The Muter Co. 

Circle 58 on reader's service card 

SHIELDED CABINET COMPONENTS 
DATA SHEET, No. EMC -061. Contains full specs 
on Teckcel! ventilating panels designed to fit stan- 
dard 19 -in. and 24 -in. EIA cabinets. Panels feature 
open or closed mounting holes.-Technical Wire 
Products, Inc. 

Circle 59 on reader's service card 

SILICON ASSEMBLIES CATALOG, No. 
D-66, 80 pages, looseleaf-punched. Foldout back 
cover with detailed rectifier circuit diagrams. Cir- 
cuit values discussed in text. Complete standard 
line of over 175 pre-engineered rectifier stack as- 
semblies. Includes complete line of molded circuit 
assemblies; modular line of high -voltage columns. 
Indexed with numerical cross-reference list and 
table of contents.-International Rectifier 

Circle 60 on reader's service card 
END 

Solution to 
R -E Puzzler for 

March 1967 
1 potentiometer 13 tetrode 
2 resistors 14 insulator 
3 winding 15 amplifier 
4 dynatron 16 dipole 
5 pigtail 17 align 
6 decibel 18 discharge 
7 condenser 19 kilocycle 
8 molybdenum 20 flashover 
9 angstrom 21 transistors 

10 diheptal 22 linearity 
11 ionosphere 23 interference 
12 varistor 24 rectifier 

25 semiconductor 

Your rating: 
60-64 Fair. 76-84 Better. 
68-72 Good. 88-96 Even better. 
100 Perfect! Give yourself a pat on the back! 

By Edmund A. Braun 

Circle 116 on reader's service card 
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RCA ANNOUNCES NEW 

ANTENNA ACCESSORIES 

ENGINEERED FOR COLOR TV 
New catalog tells the full -line story. 

Get it from your RCA Distributor. 

RCA Deluxe Transistorized 
Antenna Amplifiers ... a full line of dual purpose units with 
the most advanced silicon transistors in high -gain, low -noise circuits. They 
are masterfully designed to bring in the sharpest picture on color or black 
and white TV. Or they can drive multiple receivers from a single antenna 
using RCA multi -set couplers as a small distribution system. Five types 
include: 300 ohm UHF type 10P223; 300 ohm VHF/FM type 10P213; 
75 ohm coaxial VHF/UHF type 10P215 and 10P235; and 300 ohm 
VHF/UHF type 10P233-all with remote, A.C. operated power supplies. 

RCA Deluxe Multi -Set Couplers 
... UHF/VHF/FM 300 ohms, couple two or four sets to one antenna or 
amplifier. Channels 2 to 83, types 10P302 and 10P304. Also VHF/FM 
75 ohm coaxial types 10P752 2 -set coupler; 10P754 4 -set coupler. 

RCA Deluxe Band Splitters 
... Separate UHF, VHF and FM signals from a single transmission line or 
combine separate antennas. 300 ohms. Three types include: 10P311 
couples VHF/UHF signals to one line; 10A135 separates UHF and VHF 
at set; 10P312 separates UHF, VHF and FM. 

RCA Deluxe Coaxial -to -twin 
lead Transformers ... streamlined for fast installation. Coax 
plugs in using solderless connector. Terminals for twin lead connections. 
Models: 10P723 and 10P753 for indoor use and 10P375 for outdoor use. 

RCA Deluxe Lightning Arrestors 
... Positive contact with all varieties of twin -lead (flat, round, and oval). 
Eliminate lead stripping, insert line in slot, screw on cap for fast installa- 
tion. Low insertion loss, does not increase VSWR of a good antenna even 
at critical UHF frequencies. Screw mount type 10A118; and strap -mount 
type 10A119. 

When you buy antenna accessories bearing the 
RCA Mark of Quality, you know they're reliable. 

RCA PARTS AND ACCESSORIES, DEPTFORD, N.J. 

The Most Trusted Name in Electronics 
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Clever Kleps 30 
Push the plunger. A spring -steel forked 
tongue spreads out. Like this It' 
Hang it onto a wire or terminal, let go 
the plunger, and Kleps 30 holds tight. Bend it, pull it, let 
it carry dc, sine waves, pulses to 5,000 volts peak. Not a 
chance of a short. The other end takes a banana plug or a 
bare wire test lead. Slip on a bit of shield braid to make a 
shielded probe. What more could you want in a test probe? 

r 
NoarAIEa 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 

121 Spencer Place, Mamaroneck, N.Y.10543 
Circle 117 on reader's service card 

947 

EIGHT 
IISTRUMENTS IN ONE 

Out -of -Circuit 
Transistor Analyzer 
Dynamic In -Circuit 
Transistor &. Radio Tester 
Signal Generator 
Signal Tracer Voltmeter 
Nlilliammeter 

; Battery Tester 
Diode Checker 

Transistor Analyzer Model212 
Factory Wired & Tested - $19.50 
Easy -to -Assemble Kit - $13.50 

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 
facilities you need to check the transistors themselves - and the radios or other cir- 
cuits in which they are used - have been ingeniously engineered into the compact, 
6 -inch high case of the Model 212. It's the transistor radio troubleshooter with all the 
features found only in more expensive units. Find defective transistors and circuit 
troubles speedily with a single, streamlined instrument instead of an elaborate 
hook-up. 
Features: 
Checks all transistor types - high or low 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versal test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (oscillator check), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor -circuit power 
supply voltages on 12 -volt scale. No ex- 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three ester. 
nal leads for in -circuit testing and a 

pair of test leads for measuring voltage 
and current. Comes complete with 
Instruction manual and transistor listing. 

EMC, 625 Broadway, New York 12, N.Y. 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

NAME RE -4 

ADDRESS 

CITY 70NE_STATF 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. I 

TECHNOTES 
DU MONT RA -400 AND RA-401- 
INTERMITTENT SOUND AND PIX 

The symptoms indicated agc troubles. The grid of the 
first video i.f. amplifier, normally -5 volts with no signal in- 
put, measured -25. The trouble was traced to an intermit- 
tent leakage path of 200,000-500,000 ohms through dust - 

200,000 -500,0008 LEAKAGE HERE 

AGC 

-5.5V C C 25V 

=100pF 3 

-19V 
!SV 

9 L 6 

OV 
11.5V17 

PART OF 
TV -PHONO SW 

TV BRIGHTNESS CONTROL 

PH 

560k 270V 
2.7 MEG 

8 
-7V 

TO VERT INTEG 
8 HORIZ AFC 

-.5V 

60V 
80V - 

6BU8 
AGC,SYNC SEP 8 NOISE LIMITER 

laden grease on the TV-phono switch on the rear of the 
chassis. The circuit shows a section of the switch and how 
leakage upsets normal voltages on the 6BU8 agc amplifier, 
sync separator and noise limiter. Normal no -signal voltages 
are circled; voltages resulting from the trouble are not. 

The difficulty was eliminated by cleaning the switch with 
a combination cleaner and lubricant. Ed Dubosky 

WATCH THOSE 6JE6'S 

Some premature failures of 6JE6 horizontal output tubes 
may be caused by incorrect servicing techniques. This tube 
is extremely sensitive to loss of grid drive. Removing excita- 
tion for 10 seconds can ruin the tube. 6JE6's can be damaged 
simply by pulling the horizontal oscillator tube and replacing 
it with a cold one while the set is turned on. 

To disable the horizontal output circuit during i.f. align- 
ment, either remove the 6JE6 or open the jumper in the 
cathode circuit. Connect a 2,000 -ohm 100 -watt resistor from 
ground to the B+ line (390-405 volts) supplying the 6JE6 
screen grid and the damper plate. This resistor simulates the 
load of the horizontal output circuit.-RCA Service Bulletin 

PILOT 602MA-CRACKED PC BOARD 

To repair the break in the PC board, it was necessary to 
remove the Danish Torotor 221 tuner. This, in turn, involved 
unstringing the variable capacitor drum, with the depressing 
thought of the added labor required for such a small repair. 
The difficulty was solved by wrapping a piece of twine tightly 
on the dial cord in the groove on the drum and tying it se- 
curely. The same was done on the other pulleys near the drum. 
Now, the tuning capacitor could be taken out without undue 
strain on the dial cord. 

The repair was then made and the tuning capacitor re- 
placed. 

On subsequent jobs of a similar nature, pressure on the 
dial cord was relieved-by first unhooking the tension spring in- 
side the drum and then reconnecting it after the repair. 

-Vergniaud Richard 
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REMINGTON CARDVEYOR INTERLOCK 

The Remington Rand CardVeyor uses a dual -beam 
photoelectric switch to safeguard the operator should he 
place his hand too close to the card trays while they are 
moving. Breaking either or both beams stops the machine. 
If -he system fails, the CardVeyor cannot be started. 

To check, first make sure both exciter lamps are lit. 11 

so, shine two flashlights on the two phototubes at the same 
time. If the relays click, the trouble is not in the transistor 
amplifier but is due to a misaligned beam. This is usually 
caused by sagging filaments in the No. 239 exciter lamps. 
Changing one or both bulbs will correct it.-R. C. Roetger 

OLYMPIC CTC17, CTC18 

Complaints of insufficient width, ringing bars on left side 
of raster and excessive blooming can be remedied: 

1. Connect a 100-pF 5 -kV disc capacitor between pins 2 
and 9 of the 6DW4 damper tube. If width increases too much. 
connect two I 30-pF capacitors in series for a total of 65 pF. 

2. Replace the 6JE6 and 3A3. 
3. Turn brightness to maximum and then reduce to nor- 

mal viewing level. 
4. Adjust high -voltage control for minimum blooming 

and optimum brightness. 
5. Adjust focus control for best focus in center of screen. 

-Olympic Service Bulletin 

LOOP AROUND DIAL -CORD SPRING 

EVENS CORD TENSION 

To prevent backlash in dial -cord tuning mechanisms, tie 
a bit of dial cord or nylon fishing line around the spring on 
the tuning drum. Stretch the spring a little more than normal 
and tie the loop so that the dial cord is taut but the cord loop 
is just slack. 

The loop of cord limits the stretch of the spring to pre- 
vent excessive slack in the cord in one direction. This avoids 
the irritation of always seeing the tuning dial read lower on 
a particular station when you tune from one direction than 
when you tune from the other. 

Another blessing: If the spring should break or slip off, 
the loop holds the dial cord in place until the spring can be 
restored-Harold D. Mohr 

MONARCH EE -10 LATHE 

If the complaint is chattering (running roughly), check 
the compensation. Advance the compensation control be- 
yond its present setting and load the spindle by gripping the 
chuck with a rag. The lathe should speed up. 

Try to set the compensation control so the lathe neither 
speeds up nor slows down under load. If this can be done, 
the electronic control circuits are functioning correctly and 
the trouble is caused by worn brushes, weak brush springs 
or a rough commutator.-R. C. Roetger END 

Coming Next Month ... in MAY 

Radio -Electronics 
A real bargain package for the 
technician, engineer, builder, experimenter, 
expert, novice-everyone who takes 
his electronics seriously 

COMING 
to offices all over the country-a new 

concept in computers: desk -top machines that 
take up hardly more space than a large type- 
writer. With transistors and integrated circuits, 
this new generation of electronic computers is 
the subject of the cover story in our next issue. 

NEXT 
time you're faced with a tough -dog color 

TV receiver, try the troubleshooting ideas in 
our top servicing feature next month. Color TV 
expert Carl Babcoke shows how an ordinary 
VTVM can be used to chase faults in the 
chroma section. 

MONTH 
after month, traffic accidents persist. 

One safety proposal includes testing driver - 
reaction time. A new device at the Indianapolis 
500 -Mile Race this year will test racing -driver 
reflexes. Follow this exciting program in our 
next month's issue. 

The MAY 1967 Issue 

of Radio -Electronics 
will go on sale April 25. Look for it at your newsstand 
or parts distributor (or order your subscription with the 
card between pages 46 and 47). 
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Sales -wise, profit -wise and 
otherwise, you'll do very 
well with Browning 
CB radio equipment. 
Many territories available for Franchised Browning Sales 
and Service Centers. Sell the nationally advertised Eagle 
CB base station and Raven mobile unit in your exclusive 
territory. Complete sales aids and technical assistance 
furnished. Get all the facts now and cash in on the top 
selling Browning CB line. ___------I 

I1BroLaboratories, 
Inc. 

Browning 
1 Department E5 New Hampshire 
1 1269 Union Avenue, Laconia, Sales and 

I Please send me information on Franchised Browmn9 

Service Centers. 

NAME- 

ADDRESS 
ZIP 
CODE 

STATE 
1 CITY- -------- 

ID 

MAIL THIS COUPON TODAY! 

rowni n 
LABORATORIES, , INC. 

1269 Union Avenue, Laconia, New Hampshire 03246 

Circle 118 on reader's service card 

GAS 

WELDING 

TORCH 

C' 

Uses OXYGEN 
and LP GAS 

Completely self-contained. 
Produces 5000° pin -point flame. 
Welds, brazes, solders. 
Hundreds of lightweight uses. 

Suggested list - $19.95. 

GET COMPLETE DETAILS AT MOST IN- 
DUSTRIAL DISTRIBUTORS, OR WRITE TO 
MICROFLAME, INC. 

MICROFLAME, INC. 
7800 COMPUTER AVENUE 

MINNEAPOLIS, MINNESOTA 55424 

R -E PUZZLER 
This only -across -word puzzle is based entirely upon electronic terminol- 
ogy with each word connected to the word above and below by one letter. 

1 Reduction of attraction for 
certain metals. 

2 Electromotive force; electri- 
cal pressure. 

3 Type of transmission line not 
susceptible to external fields. 

4 Mineral often used to control 
frequency of oscillators. 

5 Pertaining to iron. 
6 Total opposition a circuit of- 

fers to the flow of ac. 

7 Phenolic compound having 
good electrical resistance. 

8 Instrument for measuring 
flow of small electric cur- 
rents. 

9 A shunt connection. 
10 Transformer input winding. 
11 Clear thermoplastic material 

having excellent dielectric 
properties. 

12 Range of electromagnetic ra- 
diations. 

13 Positive electrode; the plate 
of a vacuum tube. 

14 Material through which al- 
most no current flows. 

15 Heating aspect of an electric 
current. 

16 An acoustical shield. 

17 Changes ac of one voltage 
to another. 

18 Circuit condition that deter- 
mines current flow. 

19 Three -electrode vacuum 
tubes. 

20 Comparison of two instru- 
ments to determine accura- 
cy. 

21 Device for making connec- 
tion to a choice of circuits. 

22 Pertaining to black -and -white 
television. 

23 A type of variable resistor. 
24 Changing direction, as cur- 

rent flow. 

25 Ability of color TV system to 
serve b -w receivers without 
modification. 
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WHAT'S 
YOUR EQ.? 

These are the answers. 
Puzzles are on page 54. 

Network Problem 

Reg 

_ 12G 

EOC 0.1 A 
(2v BATT) 

+ 

EOC 
I= 

2v Req +RL= 
,I 

Reg +RL= 20G 

ANS: RL=20-12=8G 

First, redraw the circuit as a bridge, 
with R,, temporarily removed. Now de- 
termine the Thevenin equivalent circuit. 

I-R,.,,+R1, 

R + R,, = 
0.1 

R.,, + R. = 20 

Therefore, R, = 20 - 12 = 8 ohms. 

Polarity Straightener 

Here's the circuit. 
Assume input is: 1-, 2+. Dl and 

D4 are forward -biased and allow con- 
duction through the load so output is: 
3-- and 4-. Reverse the input, so in- 
put is 1- and 2. Now D2 and D3 are 
forward -biased and allow conduction 
through the load for 3- and 4-. When 
DI and D4 are forward -biased. D2 and 
D3 are reverse -biased and therefore 
dont conduct. The same is true the other 
way around. END 

30 pcìr ago 
In Gernsback Publications 

From April, 1917 
Electrical Experimenter 

Motorcycle Wireless Telephone 
Outfit 

A Selenium Cell Radiation Am- 
meter. by Frank Walcutt 

A 4,000 -Meter Vest -Pocket Radio 

EFFICIENT! 

SAFE! 

FAST! 

:. 
AUTOMATIC 

STAPLE GUNS -` , I 
For Fastening Any 

Inside or Outside 
Wire Up to 1/2" in Diameter 

bP TO 

/16' 
-18 
P TO 
v,r. 

-25 

UP TO y2 

-75 

Telephone wire 
Intercom wire 
Bell wire 
Thermostat wire 
Radiant heating wire 
Hi-Fi, Radio & TV wires 
Tapered striking edge 
gets into close corners! 

Available in: 
Brown, Ivory,' Beige, 
Monel, Bronze, Natural 

OW Fas rentR COMOAN 

SADDLE BROOK, N. J. 07663 

Circle /20 on reader's service card 

Lrve Better Electron,cally W,tn 

LAFAYETTE 
RADIO ELECTRONICS 

FREE! 
LAFAYETTE 

HOME 

1967 
Catalog 

670 
NOW 

OFF PRESS 

BETTER THAN 
EVER 

Featuring Everything 
in Electronics for 
INDUSTRY LABORATORY 

from the 
"World's Hi-Fi & Electronics Center" 

Stereo Hi-Fi Citizens Band Ham Gear 
Tape Recorders Test Equipment TV 

and Radio Tubes and Parts Cameras Auto 
Accessories Musical Instruments Tools 

Books 

Ir 
LAFAYETTE Radio ELECTRONICS 
Dept. JD -1 P.O. Box 10 
Syosset, L.I., N.Y. 11791 

Name ; 

Address 

City 

State Zip .. 
(Please Give Your Zip Code No ) -------------J 

Circle /2/ (01 reader's service care! 

UNDERWATER COMMUNICATOR It could be an aid to safety in skindiving. Is it 
radio-or a radically different system? Whichever it is, it works-and you can 
build it. See complete details in May RADIO -ELECTRONICS 

ELECTRONICS 
Engineering -Technicians 

The Nation's in- 

creased demand 
for Engineers, 

Electronic Technicians, Radio TV Technicians is at an 

all time high. Heald Graduates are in demand for 

Preferred High Paying Salaries. Train now 

for a lucrative satisfying lifetime career. 

1213 Van Ness Avenue 
San Francisco, California 

Bachelor of Science Degree, 30 Months 
Save Two Years' Time 

Radio -Television Plus Color Technician (12 Months) 
Electronics Engineering Technology (15 Months) 
Electronics Engineering (B.S. Degree) 

Electrical Engineering (B.S. Degree) 
Mechanical Engineering (B. S. Degree) 
Civil Engineering (B.S. Degree) ] Architecture (B.S. Degree) 

(36 Months) 

Approved for Veterans 
DAY AND EVENING CLASSES 

Write for Catalog and Registration Application. 
New Term Starting Soon. 

Your Name 

Address 

City 

State 

APRIL 1967 87 
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WORLD'S 
FINEST 

EASIX 

MULTILORE 

ONLY 69C 
BUY IT AT RADIO-TV PARTS STORES 

MULTICORE SALES CORP. WESTBURY, N.Y. 11590 

Circle 123 on reader's service card 

NEW SEMICONDUCTORS, 
MICROCIRCUITS & TUBES 

PULSED ROOM -TEMPERATURE LASER 

The General Electric Hl D 1 injec- 
tion gallium arsenide laser produces in- 
frared light over a temperature range 
of -196°C to 75°C. It is mounted in a 
TO -46 header and hermetically sealed 
in a metal can with a flat glass window 
in the top. Absolute maximum ratings 
are: 

Breakdown volts 
(reverse) 

Peak current (Ir) 
Repetition rate 
Pulse width 
Power dissipation 

(TA = 25°C) 
derate 1.5 mW/ °C 
above 25°C 

Junction temperature 

Typical characteristics: 
Peak power output 

(peak current 
100 A, Te is -196°C 

Forward voltage 
(IF = 25 A) 

1 Vdc 
120 A 
500 Hz 
300 nsec 

150 mW 

-196°C to 
100°C 

5W 

4W 

CATH 

.230 

G 

H00 

.165 

AI C3 

45e 

ANODE 

NOT USED 

WELDED TO CASE 

SYMBOL 

DIMEN IN 

INCHES 

Lasing threshold 65 A pk 
Power efficiency 0.25% 
Power efficiency 

TG = -196°C 4% 
Resistance 0.2 ohm 
Wavelength 9,000 Ang- 

stroms 
Beam divergence 20 x 20 degrees 

END 

"VALUES" THAT DEFY ALL COMPETITION 
Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make it possible. We invest Thousands of Dollars 
(in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow: 

3s - BALL POINT PENS $1 
retractable, assorted colors 

E 4-50' SPOOLS HOOK-UP WIRE $1 
4 different colors 

E 8 - ASST LUCITE CABINETS $1 
hinge cover, handy for parts .. 

100 - MIXED DEAL "JACKPOT" $1 
Condensers, Resistors, Surprises . 

El 1 - SQ. YARD GRILLE CLOTH $1 
most popular brown & gold design 

20 - EXPERIMENTER'S COIL $1 
"JACKPOT" assorted for 101 uses 

E 20-ASST. PILOT LIGHTS s1 
,644, 4G, 47, 51, etc. 

E 50 - ASST. DISC CERAMIC $ 
CONDENSERS Popular numbers 1 
10 - ASST. RADIO ELECTRO- $1 

13 LYTIC CONDENSERS 

50 - ASST. TUBULAR CON- 51 
DENSERS .001 to .47 to GOO 

20 - STANDARD TUBULAR $1 E 
CONDENSERS .047-000v 

E with switch, 3" shaft 
3-1/2 MEG VOLUME CONTROLS $1 

E CLEAN UP THE KITCHEN" JACK- 
POT" Big Deal $1 
only one to a customer 

FREE $1 BUY 

3-ELECTROLYTIC CONDENSERS s1 
most popular number 50/30-150v 
BONANZA "JACKPOT" not gold, 
act on, but a wealth of Electronic $5 
items-Money-Backguarantee 

10-ASSORTED SLIDE SWITCHES $1 
SPST. SPDT, DPDT, etc. 

10 SETS - DELUXE PLUGS 8 $1 
JACKS asst for many purposes . 

10 - SETS PHONO PLUGS & $1 
PIN JACKS RCA type 

I-110 
- SURE -GRIP ALLIGATOR $1 

CLIPS 2" plated 

50 - RADIO 8 TV SOCKETS $1 
all type 7 pin, S pin. 9 pin. etc. 

150'-BUSS WIRE #22 tinned for $1 
hookups, special circuits, etc. 

100 - STRIPS ASSORTED SPA- $ i 
GHETTI andy sizes 1 
100-ASSORTED RUBBER GROM- $1 
METS hest sizes 

50-ASSORTED PRINTED CIR $1 
CUIT SOCKETS best types . 

10-ASSORTED VOLUME CON -$1 
TROLS less switch 

7-ASSORTED VOLUME CON- $1 
TROLS with switch 

RCA 110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18101- 
assuring adequate width 
Incl Schematic Diagram 
application for any TV 

List price $13.90 

$3 Your price .. 
1005 off in lots of 3 

110° TV DEFLECTION YOKE 
for all type TV's incl schematic 53 
same as Thordarson 1'502 list $20 

COMBINATION SPECIAL - 
RCA 110° FLYBACK plus $5 
110° DEFLECTION YOKE - 

E 

90° FLYBACK TRANSFORMER S2 
for all type TV's 1ncl schematic 

90° TV DEFLECTION YOKE $2 
for all type TV's Ina schematic .. 
70° FLYBACK TRANSFORMER $1 
for all type TV's incl schematic 
70° TV DEFLECTION YOKE ;1 
for all type TV's Incl schematic 
20-ASSORTED TV COILS $1 I. F, video, sound, ratio. etc. .... 
40-ASSORTED TV KNOBS $1 
all standard types, $20 value 

WITH EVERY 10 YOU ORDER Onl ya Pplies 

5 - ASST. SELENIUM RECT1- $1 FIERS GSma. 100ma. 300me. etc. 

IMMEDIATE DELIVERY ... Scientific light packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Address 

Please specify refund on shipping overpayment desired: D CHECK D POSTAGE STAMPS D 

BROOKS RADIO & TV CORP., 487 Columbus Ave., 
Circle 124 on reader's service card 
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4 - TV ALIGNMENT TOOLS $1 
most useful assortment 

1 - LB SPOOL ROSIN -CORE $1 
SOLDER 40/00 top quality .... 
10 - G.E. SAPPHIRE NEEDLES $1 
4G, VR -11, etc. ($25.00 value) .. 

15 - G.E. #NE -2 TUBES S1 
Neon Glow Lamp for 101 uses .. 

2-G.E. PIECES OF EQUIPMENT $1 
stacked with over 200 useful parta 

10-ASSORTED DIODE CRYSTALS $1 
1N34, 1N48, INGO, 1N64, 15182 

10-STANDARD TRANSISTORS S1 
NPN & PNP 2N404, 2N414. etc. 

25 - BENDIX CONDENSERS $1 
007-2000v $15 value 

5 - TOP HAT SILICON RECTI- $ 
FIERS 500ma-000v tep quality ... 1 

7 - ASST. TV ELECTROLYTIC 
CONDENSERS popular selection . 

$15.00 TELEVISION PARTS 
"JACKPOT" beat buy ever ... , 

$1 

$1 

$15.00 RADIO PARTS "JACK- S1 
POT" handy assortment 

50 - ASSORTED #3AG FUSES 
S1 popular ampere ratings 

FREE GIFT WITH EVERY ORDER 

Name Cost of 
goods 
Shipping 
estimated 
TOTAL 

MERCHANDISE (our choice) with advantage to customer 

New York, N. Y. 10024 TELEPHONE 
212.874 5600 

RADIO -ELECTRONICS 
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TRY THIS ONE 
STOWING ANTENNA MASTS 

We lacked adequate 
floor space for racks to store antenna 
masts and other long components so we 
raised the racks to ceiling height and 
suspended them from the structural - 
steel roof supports. This takes our most 
bulky stock off the floor and utilizes pre- 
viously wasted ceiling space. The masts 
and other components can be reached 
from a stepladder. -Joe Wood 

storeroom 

QUICK COIL FORMS 

FROM PAPER TAPE 

To make emergency or odd -sized 
coil forms, find something round and 
smooth to serve as mandrel. Then wet 
down enough gummed paper packing 
tape to fit around four times. Wrap the 
tape tightly and immediately slide it off 
the mandrel. (If you leave it on the 
paper will shrink and you'll have to cut 
it off.) Thorough drying will give you a 
tube just slightly larger than the man- 
drel, and rigid enough to wind coils on. 
-Tom Jaski END 

World's 'BEST BUYS" 
in GOVT. SURPLUS 

Electronic Equipment 

BC -603 RECEIVER-F.M. 20-27.9 MC. Continuous 
tuning and 10 preset push button channel selector. With 
sensitivity squelch & volume controls, 2 watt output to 
self contained speaker, one microvolt sensitivity, 2.65 
KC I.F. 10 Tubes: 3/6AC7, 1/615, 2/12SG7, 2/6SL7, 
1/6H6, & 1/6V6GT. Voltage required 12/24 volts 
for filaments. 220 VDC @ 80 MA for high 
volt. Size: 111/2 x 63/ x 121/2". Wt.: 
35 lbs. Used: $32.95 
BC -603 CONVERTED to 30 to 45 MC. Used: $44.95 
AC POWER SUPPLY f/BC-603: Wired $14.95 Kit $10.00 

NEW CATALOG-Send 25e (coins or stamps) & re- 
ceive 50/ credit on your order. Address Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, 01410 45802 

Lets you see your music 

ASSEMBLED KIT FORM 
$54.95 $44.95 

$5 DOWN - $5 MONTH 

Walnut finished cabinet included 
Shipped REA Collect 

Easy to build, easy to install. All transistor 
AUDIO -COLOR adds a visual dimension to mu- 
sical enjoyment. A brilliantly moving panorama 
of color casts dancing images on a soft frosted 
screen, reflecting rising and falling volume with 
each beat of the music. Here's a truly unique 
and exciting new musical experience. Make 
check or money order to CONAR. 

SEND FOR FREE CONAR CATALOG 

CONARDivision of National Radio Institute 
Dept. DC7C, 3939 Wisc. Ave., Washington, D.C. 20016 

CANADIANS: Ordering is easy 

SARKES TARZIAN TV TUNER 41 me 
Latest Compact illudel- good for all 41 me TV's. 
BRAND NEW-MONEY BACK GUARANTEE 

4111' 

Best TUNER "SAItKES TARZIAN" 
ever made-last word for stability, 
definition & smoothness of operation. 
An opportunity - to improve and 
bring your TV Receiver up-to-date. 

COMPLETE with Tubes & Schematic 
$7.95 

1000-ASST. HARDWARE KIT $1 
screws, nuts, washers- rivets. etc. 

300 - ASSORTED HEX NUTS Si 
2/56, 4/40, 5/40, 6/32, 8/32 

250-ASST. SOLDERING LUGS Si 
best types and sizes 

1_1250-ASST. 
WOOD SCREWS 

finest popular s, ectiun 
$1 

E 250 - ASST. SELF TAPPING 51 
SCREWS #6 #s, etc. 

150-ASST. 6/32 SCREWS $1 
and 150 6/32 HEX NUTS 

CI 
150-ASST. 8/32 SCREWS $1 and 150-8/32 HEX NUTS - 

150-ASST. 2/56 SCREWS $1 and 150-2/56 HEX NUTS ,. 

150-ASST. 4/40 SCREWS $1 
and 150-4/40 HEX NUTS 

150-ASST. 5/40 SCREWS $1 and 150-5/40 HEX NUTS - 

E 500-ASSORTED RIVETS Si 
most useful selected sizes 

500-ASSORTED WASHERS Si most useful selected sizes 

100 - ASST. RUBBER 8 FELT $1 
FEET FOR CABINETS best sizes 

E 

. . . we do the paperwork . . . try a 

HIGHWAVE AM -FM PORTABLE RADIO 
Elegance In Ebony & Chrome 
14 Transistors _ A Powerhouse 
of Quality Reception with AFC 
Operates on 4 C" Celle 

Telescoping FM Antenna & 
Personal listening attachment 
Mosey refund _ if not better 
than any Known Brand selling 
for even twice the price 

8"051/4"x21/4" - 4 lbs 

COMPLETE . . . $1950 
IS -p ASST. ROTARY SWITCHES S1 
all popular types $20 

HEARING AID AMPLIFIER $2 "rubes,etc. las is) 

UNIV. 3" x 5" PM SPEAKER 75e 
liest type for Radios, TV. Etc. 

UNIVERSAL 4" PM SPEAKER age 
Alnico 5 magnet, quality tone .. 

10 - SPEAKER PLUG SETS $1 
deluxe type, 2 conductor 

CHAPT ZU DI MITZIA "JACK- 
POT" double your money back if $1 
1101 nmpletely satisfied 

Top300 

- ASST. 1/2 W RESISTORS $1 
Brand, Short leads, excellent 

5 - I.F. COIL TRANSFORMERS $1 
suh.min for Transistor Radios . 

5 - AUDIO OUTPUT TRANS- $1 
FORM Sub -min far Trans Radios 

4 - TOGGLE SWITCHES $1 
SPST, SPDT. DPST, DPDT 

70-BRASS FAHNESTOCK CLIPS $1 
popular type & size. plated 

32'-TEST PROD WiRE 
deluxe quality. reel or black 

100-ASST 1/4 WATT RESISTORS 
stand. choice ohmages. some in 5"r 

100 - ASST I/2 WATT RESISTORS 
stand. choice ohmages. some in 5c"c 

70 - ASST 1 WATT RESISTORS 
stand. choice ohmages, some in 5"? 

35 - ASST 2 WATT RESISTORS 
stand. choice nhmages. some in 

50 - PRECISION RESISTORS 
asst. list -price $50 less 98c'r. 

20 - ASS'TED WIREWOUND 
RESISTORS, 5. 1Q 20 watt . 

100 - ASST. MICA CONDEN- s1 
SERS .S 

SO - ASST. TERMINAL STRIPS Si 
all types, 1 -lug to 0.10g 

25 - INSTRUMENT POINTER Si 
KNOBS selected popular types . 

50 - ASST. RADIO KNOBS S1 
all selected popular types 

5 - PNP TRANSISTORS $1 
general purpose. TO -5 case 

5 - NPN TRANSISTORS $1 
general purpose. TO -5 case 

small order 

-- 
{imo. 

a, 

IBM COMPUTOR 
SECTIONS 

n assorted Units we 
-ell for $1 are 
loaded with over 

valuable parts. 

I cl. - Transistors 
,,ndensers, Reaist- 

Heat Sinks, DI - 
die,. Etc. 

8 for $1 
100 for $10 

51 

2 - POWER TRANSISTORS Na. 1 $1 
Replace 22N155, 211176, 2N301, etc. 

$1 10 - ASST DUAL CONTROLS $1 
for Radio, TV, Hi-Fi, Stereo, etc. 

TRANSISTOR RADIO Oast tYPe 51 SO 
good. bad, broken. as -is, potluck 

TAPE RECORDER - unsorted types $4 
gond. had, broken, as -Is, potluck 

S4 ELECTRIC FOOT SWITCH Si 
deluxe type for any equipment . 

ni 6 - TRANSISTOR RADIO EAR- Si J PIECES wired complete with plug 

50 - ASSORTED MYLAR CON- Si - DENSERS Popular selected types .. 

TELEPHONE JACK or PLUG 
make any telephone portable 

IJ TELEPHONE RECORDING 
VICE instant suction cup fit 

ea 50 
DE- $1 

CRYSTAL LAPEL MICROPHONE Si 
impedance. impeance, 200.6000 cps . 

25' - MICROPHONE CABLE Si 
deluxe, 2 conductor, shielded .. 

50-TUBE CARTONS (colored) 51 
assorted sizes for Popular Tubes . 

E 10 - ASSORTED TUBES Si LJ Radio. Television and Industrial .. 

ALL AMERICAN TUBE KIT 
Top Standard Brand - 1213A6, 5,e) 
126E6, 128V6, 5005, 35W4 ... 

5 - RCA 1U4 TUBES brand new 51 
hosed, also serves as a 1T4 

MERCHANDISE WANTED in any quantity - TUBES (all types) - RADIO & TV PARTS - EQUIPMENT finished or unfinished - immediate cash. 
Please send samples, quotes & amounts - only new merchandise bought. 
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U.S. GOVT ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE 
( ITEM #1 l5) - - standard, commercial 

telephone same as used throughout U.S. , Brae- , 

ti>e polished black, lake n ,ndwnn. 1 s s 
extension a phone In notate ','stems , ì't 
trrn. toll h s Minn re famished 

intercom 
at. 9 lash 

together for 
total,r,n n, 

$5.95 Original I osth524.50s F.O.B. 

STEP-BY-STEP AUTOMATIC SWITCH 
br.: 

t ITEM #728) - - Mooing "up -and -around", CIr l: electro-magne1 1 ph he snitch. Dial an> hank ,'' 
pair I to 100 slake lour own telephone '- tetra. ¡¡¡rrr... 

( alsohe- control up l I00 
ft- s elt 

I 
p' Iadel - I I 

One f u FOUR 'l' ORbargains. Comes 
pled idh data, dial d n line bank. Sbº, IFffoe 
5" x 7" x 15". M1. 

one 
lbs. (cost i.o.'i 0>er $75.I10. 

t mnPlete; 9alddh. a $9.95 ,dal. hnr hank. inhm, trmos F.O.B. 

TYPICAL BUYS FROM OUR 1967 CATALOGS 
S 350.00 - Geared 2 -hp Battery Golf Car Motet $24.95 
S 15.00 - Westinghouse DC Ammeter, 0 to 300 $ 7.11 
S 00.00 - Vacuum Pressure Pump, 12-VDC $11.95 
- - - - t0 -MW Wilkie -Talkies, Per Pair $19.60 
- - - - Oèluae, Multi -Range, AC/DC Tester S 8.98 

$4000.00 - Carrier Telephone Amplifier System $13.91 

SPECIAL SALE 
Correspondence 

Course In '.. 
ELECTRICAL 

ENGINEERING -:',1,1,7,,,,,.,7;..':::',9. $8.79 
( ITEM cult) ) - - ion erfut chance 

ing t :\mer.iug 1.ox 1 osl' Lincoln Engineering 
Ito Correspondents Courses bec arie increased s of ireased 
after a limited number nÌ the .school's complete 
Course but without the examination paper grading 
conststsof 1.1 lesson unit hooks. F ach book 
In a separate section. standard answers" to 

R' is roll written. e - understand, 
eader ̀s úf gent .use, easy to arn and study 
In Engineering school students bidding ....ellent 

L.E.S. training. Course . latest information 
diodes. etc. +Wdih 

',entail. 
lhbook how to 

. q,nm. sal Bench" furnished 

I 

Pnnip 

to obtain rechnl 
School han 

operating 
Electrical Engineering 

service. The 
has the regular a 

each exam vue 

profusely II 

in spare time. 
lobs as a 
on transi 

build and operai 
with each course. 

1d 
/ 

al train- 
uscnded 

o . We 

ttmrse 
am and 

-ton. 
usealed. 
Many Lin - 
result of 
tors, 
a "Orine 

SEND 25e COIN OR STAMPS FOR 3 MAIN CATALOGS 

N. All Items FOB Lincoln Money Back Guarantee 

SURPLUS CENTER 
DEPT. RE -047 LINCOLN, NEBR. 68501 

Circle 125 on reader's service card 

Our policies 
are your best 
insurance: 

Sonotone has been the reliable, qual- 
ity name in replacement phono car- 
tridges since 1947. We've made and 
sold 20 million of them. When you ser- 
vice with Sonotone cartridges, you can 
be assured you are servicing with the 
best. We'll stake our name on that. 
REPLACE WITH SONOTONE CAR- 
TRIDGES. There's a complete line for 
immediate replacement of virtually ev- 
ery cartridge in use today. Prove it to 
yourself - fill out and mail coupon 
TODAY for your free copy of Sonotone's 
1967 "computer -programmed" car- 
tridge replacement manual. 

Send today for complete information: 
Sonotone Corporation, Dept. 107 
Elmsford, New York 10523 
Just fill out and mail this coupon for your 
tree copy of Sonotone's 1967 "computer - 
programmed" cartridge replacement man- 
ual. 
YOUR NAME 

ADDRESS 

CITY 

NOTEWORTHY 
CIRCUITS 

PARKING LIGHT: BRAKE REMINDER 

This circuit can save you time and 
money if you are inclined to leave park- 
ing lights on all day after driving to 
work on foggy mornings. It can also be 
used to remind you to release the park- 
ing brake before driving. The circuit ha, 
been in use on a 1964 Valiant for some 
months now with no difficulty. Opera- 
tion of the unit is as follows: 

With the lights and ignition off no 
power is applied and the alarm is silent. 
When the lights and ignition are on both 
input terminals of the unit are connect- 
ed to the positive side of the battery 
and the buzzer is silent until the ignition 
is turned off. At this time current flows 
from ground through the points and 
coil through D and hence to the positive 
side of the battery via the light switch. 
The buzzer sounds. Diode D prevents 
the buzzer from sounding when the 
lights are off and the ignition is on. 

With the lights off and the parking 
brake set (S is closed) turning on the 
ignition lets current flow through the 
parking lamps, up to the positive supply 
through S and the ignition switch. The 
buzzer sounds until the brake is released. 

If you want to have the brake set 
with the motor running, simply turn on 
the parking lights. 

This unit can, of course, be used 
with either the parking lights or head 
lights but not both unless additional 
components are used. Operation de- 
pends upon the ignition points being 
closed when the motor is not running, 
a condition which will usually occur. 
When it does not, there will be sufficient 
pulsed operation between ignition turn- 
off and still motor condition to warn 
that the lights are on. 

The unit is simple and easy to con- 
struct; total cost is about three dollars. 
The buzzer is a Liberty Bell M61 by 
Miami Carey obtained from Montgom- 
ery Ward. Others should work as well. 
The only care required in construction 
is to make sure that the case and frame 
of the buzzer is insulated from auto- 
mobile ground since it will have battery 
potential applied to it. Mount the com- 
plete unit on a sheet of bakelite or 
plastic so that no part of the circuit or 
component mounting screws touch the 
automobile frame. My unit is mounted 
on the inside firewall under the dash. 
Omit the switch if the parking brake 
alarm is not desired. 

PARKING BUZZER 
LAMP SW 

ON-OFF 

T0 
BATT 

PARKING 
LAMPS 

200 

BRAKE SW OPEN 
S WHEN DEPRESSED 

IGN SW 

ON-OFF TO 
GATT 

IOW 400 PIV, 
750 MA BALLAST 

POINTS 

IGN 
COIL 

Connect a wire from the high side 
of the buzzer to the positive side of the 
parking lamp so that 12 volts positive 
will be supplied to the unit when the 
parking lamps are on. The buzzer will 
be returned to ground through the park- 
ing lamps when the lights are turned off. 
Take care not to interfere with the turn 
signal circuit. Next connect the wire 
from the diode to the ignition switch 
side of the ballast resistor, if there is no 
ballast resistor, make the connection to 
the ignition switch or positive side of 
the coil. At this point test the unit by 
turning on the parking lights, you should 
hear a loud buzz. (The ignition switch 
must be turned off for this test.) 

The brake portion is completed by 
mounting the switch on a metal bracket 
made from scrap metal or from an "L" 
bracket purchased at the hardware 
store. This is a very arbitrary mounting 
and will be different for each make of 
car. The switch is placed in any position 
where it will be depressed when the 
brake is off. Otherwise, the unit will buzz 
any time the ignition is turned on. This 
completes the installation.-Jerry W. 
Hagood END 

Underwater Communicator 

It could be an aid to safety 
in skindiving. Is it radio-or 
a radically different system? 
Whichever it is, it works-and 
you can build it. See complete 
details in 

May RADIO -ELECTRONICS 

STATE ZIP 
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4 easy ways 
to increase 

your know-how on 
microelectronics 
and solid state! 

How to Build Tiny 

Electronic Circuits 
By Morris Moses. Explains "miniaturized" elec- 
tron,cs to the hobbyist, experimenter and service 
technician. Not only takes the mystery out of 
"making it smaller", but is a veritable "how to 
do it" of electronic miniaturization. Covers sub - 
miniaturization, microminiaturization, high -fre- 
quency receiver, molecular electronics, meter 
anip:ifiers, tone generators, semiconductor ther- 
motreters, making tools, preamplifiers, compara- 
tors, pocket radios, photorelays, components, 
techniques, modules, practical projects and devices, 
cons ruction and repair hints. 192 pages. 

Ordir #117 Softbound $4.15 

Getting Started With Transistors 
By Louis E. Garner. Jr. Transistor know-how 
begirs with this volume. Shows how transistors 
began, how to read electronic diagrams, how 
transistors work, facts on oscillators, transistor 
types, diodes, phototransistors, rectifiers, transistor 
ratings, testing transistors, Excellent text, diagrams 
and photographs carry you through every phase of 
transistors to give you a complete grasp of the 
subject. 160 pages by an expert in the field. 

Order #116 Softbound $3.95 

Fundamentals of Semiconductors 
By M. G. Scroggie. Provides a complete back- 
grourd in semiconductor devices, beginning with 
basic facts on electrical conduction through tran- 
sistors, rectifiers, photoelectric devices, thermistors, 
varistors, diodes, cryosars, etc. Supplies enough 
theory in a simple way to make it possible to 
understand more advanced literature. Also explains 
how :he special properties of semiconductors are 
being applied in many kinds of useful devices. 
Dozens of charts, diagrams and photos. 160 pages. 

Order #92 Softbound $2.95 

Transistors 
By Editors of Radio -Electronics. Carefully selected 
articles from Radio -Electronics combined in a 
unique handbook to show you how to build all - 
transistor test equipment, and how to test transis- 
tors. Clear, practical know-how on power transis- 
tor tester, direct -reading transistor tester, lab type 
checker, mini -tracer, TV bar generator, A -I -R 
generator, black box oscillator, scope calibrator, 
kilovclter, etc. 96 pages. 

Order #94 Softbound $1.95 

r 
Order from your Parts Distributor or Mall to: 
Gernsback Library Inc., Dept. RE 467 
154 West 14th Street, N.Y., N.Y. IOOII 

Please send the following books. I enclose 

117 ($4.15) 116 ($3.95) 

o 92 ($2.95) 94 ($1.95) 
Prices 10% higher in Canada. 

Name 

Address 

City State Zip 

My Distributor is 

l 

SCHOOL DIRECTORY 
Learn Electronics for your 

SPACE-AGE EDUCATION 
at the center of 

America's aerospace industry 
No matter what your aerospace goal, 
you can get your training at Northrop 
Tech, in sunny Southern California. 

COLLEGE OF ENGINEERING. 
Get your B.S. degree in engineering in 
just 36 months by attending classes year 
round. Most Northrop Tech graduates 
have a job waiting for them the day 
they're graduated! 

A & P SCHOOL. Practical experience 
on real aircraft. One-year course pre- 
pares you for F. A.A. A &P certificate. 
WRITE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 
1199 W. Arbor Vitae. Inglewood. Calif. 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success uccess as 
rchnicians, held eng meers. sper! allots 

communications, guided missiles, 
compmers. radar and automation. Baste 
& advanced courses n theory & labora- 
tory. Electronic Engineering Technol- 
ogY 
both 

and 
da 

Electronic 
le tr nAssoc.degree ic 

Technology curricula 
in 29 

mon. B.S. also obtainable. G.I. ap- 
proved. Graduates In all branches of 
electronics with major companies. Start 
Sept.. Feb. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Department C. Valparaiso, Indiana 

Get Your First Class Commercial 

F. C. C. LICENSE 
thru spare -time study by correspondence. 
Our money -back warranty protects your in- 
vestment. (Approved for Veterans) Write for 
Brochure 67. It's free. 
Grantham School of Electronics 

1505 N. Western Av., Hollywood, Cal. 90027 

for a professional career 
Tri-State graduates hohl important engineering and busi- 
ness administration posts throughout the U. 5. This pro- 
fessionally -oriented small college has outstanding place- 
ment record. Four -quarter year permits degree in three 

Years. Excellent faculty. Wr11-equipped latin. 
Beautiful 300 -acre campus. Accredited. Small 
classes. Modest costs. One-year Drafting - 
Design Certificate program. Enter lune, 
Sept., .Tan.. March. For Catalog, write Direc- 
tor Admissions indicating career interest. 
TRI -STATE COLLEGE 
2447 College Avenue, Angola, Indiana 46703 

Electronics AT HOME LEARN Engineering 
Fin TV, design automation systems, learn transistors. 
complete electronics. College level ¡jome Study 
courses tonight so you ran miderstaorl them. Earn more 
in the highly paid electronic industry. Computers, 
Missiles, theory and practical. Kits furnished. Over 
30.ul)0 graduates , employed. Resident classes at 
our Chicago campus' if desired. Founded 1934. Catalog. 
Vets-write for information about GI Bill Training. 

AMERICAN INSTITUTE OF ENGINEERING 
AND TECHNOLOGY 

1139 W. Fullerton Pky., Chicago, III. 60614 

Make it Big 
in Electronics, 

Radio-TV 
J. C. S. offers you 26 

courses -26 ways to get 
ahead-in Electronics, 
Radio-TV. No other 
home -study school can 
match this depth. And 
no other field has a 
greater demand for 
skilled specialists. Get in 
on this booming, well - 
paying field today. 

I. C. S., Dept. 76069B, 
Scranton, Penna. 18515 

Please send me free ''Electronics," 
your 68 -page catalog listing all 26 
Electronics, Radio and TV courses with 
complete details. Also send free booklet, 
"How to Succeed," and sample lesson. 
M r. 
Miss 
Mrs Age 

Address 

City 

State Zip Code 

Working Hours A M to P M 

Occupation 

Employed by 
Low rates to members of U. S. Armed Forces. 
Approved for veterans under New G. I. Bill. 

NEW BOOKS 
FM RADIO STATION OPERATIONS HAND- 

BOOK, edited by Verne M. Ray. Tab Books, 
Drawer D, 18 Frederick Rd., Thurmont, Maryland 
21788. 51/2 x 81/2 in., 196 pp. Plastic ring, $9.95 

Taken from articles in past issues of 
Broadcast Management/Engineering mag- 
azine. Filled with good information, al- 
though its article format means you have to 
read quite a bit and organize it yourself. 
Covers wide range of topics relating to FM 
broadcasting, including dual polarization, 
automated broadcasting, building a station, 
SCA, plus troubleshooting information and 
a couple of articles on the business side of 

APRIL 1967 

operating an FM station. All well written 
and nicely edited, but it sure could use an 
index. 

USING YOUR TAPE RECORDER, by Harold 
D. Weiler. Allied Radio, 100 N. Western, Chicago, 
111. 60680. 51/2 x 81/2 in., 96 pp. Paper, $0.50 

Though not very technical, this book 
covers tape recording comprehensively. 
Talks about sound, the recorder, micro- 
phones, recording and editing techniques, 
and a chapter on maintenance. Not a dry 
book, but not easy to read, either. END 
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MARKET 
CENTER 
GENERAL 

CONVERT ANY TELEVISION to sensitive Big - 
Screen Oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00. RELCO-A25, Box 10563, 
Houston 18, Texas 

TV SERVICE ORDER BOOKS tor use with your 
rubber stamp. Duplicate or triplicate. Low cost. 
Write for FREE 32 PAGE CATALOG and Special 
Rubber Stamp Offer. OELRICH PUBLICATIONS, 
6556 W. Higgins, Chicago. III. 60656 

FREE ELECTRONICS (new and surplus) Parts 
catalog. We repair multimeters. BIGELOW 
ELECTRONICS, Bluffton, Ohio 45817 

PRINTING PRESSES, Type, Supplies. Lists 51. 
TURNBAUGH SERVICE, Mechanicsburg, Pa. 

New scientific transistor instrument detects 
buried coins, treasures. Will detect gold, silver, 
cooper, iron, etc. $19.95 up. Free catalog. 
RELCO-A-25. Box 10563, Houston 18, Texas 

SILICON 
IMMEDIATE 

FULLY 
AMERICAN 

750 MA -SILICON 
LOW 

PIV/RMS 
50'35 
.05 ea. 

PIV/RMS 
400 'e8u 
.14 ea. 

RECTIFIER SALE 
DELIVERY 

GTD NEWEST TYPE 
MADE FULLY TESTED 

"TOPHAT" & EPDXY DIODES 
LEAKAGE FULL LEAD LENGTH 

PIV/RMS 
100/70 
.07 ea. 

PIV/RMS 
200/140 
.10 ea. 

PIV/RMS 
300,210 

.12 ea. 
PIV/RMS 
700/490 

2 ea. 
PIV/RMS 
500/350 
.19 e . 

PIV/RMS 
600/420 
.21 e 

PIV/RMS 
800 560 
.30 ea. 

PIV/RMS 
900'630 

.40 ea. 

PIV/RMS 1000/700 
.50 ea. 

PIV/RMS 
1100/770 

.70 ea. 

ALL TESTS AC & DC & FWD & LOAD 
SILICON POWER DIODE STUDS 

O.C. SO PIV IOO PIV 100 PIV 200 PIV 
AMPS 35 RMS 70 RMS 105 RMS 140 RMS 

:i .08 ea .12 
12 .25 .50 
12 .65 .90 
50 1.00 1.20 

100 1.60 2.00 
D C. 300 PIV 400 PIV 
AMPS 210 RMS 280 RMS 

ea .16 ea .22 ea 
.65 .75 

1.25 1.40 
1.50 1.75 
2.40 3.00 

500 PIV 600 PIV 
350 RMS 450 RMS 

:1 .27 ea .29 ea .37 ea .45 ea 
12 .90 1.30 1.40 1.65 
;15 2.00 2.35 2.60 3.00 
50 2.20 3.25 3.50 4.00 

IOU 3.60 4.50 5.25 7.00 

"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 
7 16 25 7 16 25 

PRV AMP AMP AMP PRV AMP AMP AMP 
25 .50 .75 1.00 50.60 .90 1.29 

.80 1.25 1.50 
150 .90 1.60 2.00 
200 1.25 1.80 2.25 

250 1.75 
900 2.00 
400 2.40 
500 3.20 
COO 3.40 

2.15 2.50 
2.40 2.75 
2.75 3.25 
3.40 3.80 
4.00 4.50 

HI-POWER 

for $45.00 

$1.25 

for $9.95 

.75 ea. 

100 for $5 

Include 
or money 

OR 3-2620 

SPECIALS! 
Westinghouse 
STUD RECTIFIER 
Limited quantity. 

100 Different 
Vi -1-2 Watt 

Asst transistor 
All popular 

Computer Grade 
12 VDC American 

Type IN34 DIODE 

Money Back 
additional $ 
order. C.O.D. 

Warren 
230 Mercer St., 

SPECIALS! 
160 AMP, 500 PIV SILICON 

911666. 
$5.10 ea. 10 

Precision Resistors 
1/2%-1% TOL 

Kit. P.N.P.-N.P.N. 
types. Unchecked100 

for $2.95 500 

Condenser 15,500 MFD 
Mfg. 

GLASS .07 ea 

guarantee. $2.00 min. order. 
for postage. Send check 
orders 25% down. 

Electronic Components 
N. Y., N. Y. 10012 212 

LAMP -APPLIANCE parts. WHOLESALE Cata- 
logue 35e. SECO, 109 South 20th Street, Bir- 
mingham, Alabama 35233 

WANTED 
QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York. N. Y. 10012. 
212 WALKER 5-7000 

MERCURY, platinum, gold, silver. FREE circular. 
MERCURY REFINERS, Norwood, Mass. 

POWER SUPPLY: Tube type for Blaupunkt radio. 
"Berlin" series AM, FM, SW. Serial #S952194. 
Installed in 1959 Mercedes-Benz 220SL sedan. 
State price and condition. JOHN FREEMAN, 
4435 W. Market St., Louisville, Ky. 40212 

WANTED: Radar Equipment AN/TPS-10D, APT - 

9. SCR -584. AN/GPG-1, M-33 etc., P. J. PLISH- 
NER, 550 Fifth Avenue, N. Y. Tele: 212 JU 6-4691 

RELAYS WANTED -Sigma 80030. Any quanti- 
ties. ALARM RELAY SUPPLY, 20725 Burbank 
Blvd., Woodland Hills. Calif. 91364 

SALE ON ELECTRONICS 
BOOKS! 

5 FOR $3.98- 
$16.50 VALUE 

Guaranteed $16.50 Value. Grab bag of 5 
Gernsback electronics books on testing, 
test equipment, TV, radio, hi-fi, stereo, 
etc. Clearance of books which sell for 
as high as $4.50. Guaranteed retail value 
of $16.50. Retail prices clearly printed on 
covers. Send check or money order to: 
GRAB BAG DEPT. D47, Gernsback Li- 
brary, Inc., 154 West 14th Street, New 
York, N.Y. 10011. 

Mod. Sine ltwd Net Ea. 
536 2x6.2x5 $1.89 
538 388.285 2.19 
Other models available 

free literature 
SPECTRUM PRODUCTS CORP. 

13946 Blackstone, Detroit, Mich. 48223 

EQUIPMENT CABINETS 
Modern, deluxe -styled alumi- 
num cabinets, rich leather- 
ette covered top in black or 
brown with silver grey or 
gold panel. Rubber feet. At 
your dealer or order direct 
front : 

« BLACK WHITE 
OR 

COLOR 
THE ONLY SAFE NON -DRIFT 

TV TUNER LOBE 
C LEA N E R S 
AVAILABLE AT ALL DISTRIBUTORS 

BROOKLYN, N. Y. 11236 

COL®fl 

.1.. 

ADVERTISING 
INDEX 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

Allied Radio Corp. 78 
Arrow Fastener Co., Inc. 87 
Artisan Organs 64 

Blonder -Tongue 66 
Brach Manufacturing Corp. 62 
Brooks Radio & TV Corp. 88-89 
Browning Laboratories, Inc. 86 

Capitol Radio Engineering Institute, The 13 
Castle TV Tuner Service, Inc. 62 
CLASSIFIED 92-95 
Cleveland Institute of Electronics 23, 28-31 
Conar (Div. of National Radio Institute) .... 89 
Concord Electronics Corp. 
Cornell Electronics C'o. 

Delta Products, Inc. 
DeVry Institute of Technology 

81 
94 

79 
5 

Electro -Voice, Inc. 27 
Electronic Measurement Corp. (EMC) 84 
Elpa Marketing Industries. Inc. 78 

Fair Radio Sales 89 
Finney Co. 7 

Gernsback Library 63, 91 

Heald Engineering College 87 
Heath Company 69, 71, 73 

International Crystal Mtg. Co.. Inc. 96 
International Radio Exchange 80 

Jerrold Electronics Corporation (Distributor 
Sales Division) 17 

JFD Electronics Corp. 14-15 

Lafayette Radio Electronics 87 

Mallory Distributor Products Company (Div. 
of P. R. Mallory & Co.. Inc.) .... Third Cover 

Microflame, Inc. 86 
Multitore Sales Corp. 88 
Music Associated 64 

National Radio Institute 8-11 

Olson Electronics, Inc. 82 
Oxford Transducer Company (A Division of 

Oxford Electric Corporation) 16 

Perma-Power Company 
Pioneer Electronics U.S.A. Corporation 
Poly Paks 

Radio Shack 
RCA Electronic Components and Devices 

Semiconductors 67 
Tubes Fourth Cover 

RCA Institutes, Inc. 18-21 
RCA Parts and Accessories 83 
Rye Industries, Inc. 84 

77 
82 
95 

S & A Electronics Inc. 
Sams & Co., Inc., Howard W. 
Sarkes-Tarzian, Inc. (Tuner Service Div.) 
Scientific Associates Corporation 
Sencore 
Solid State Sales 
Sonotone Corp. (Electronic Applications Div ) 
Sony Corp. of America 
Sprague Products Company 
Surplus Center 
Sylvania (Subsidiary of General Telephone & 

Electronics) 

1 

70 
22 

6 
26 
72 
93 
90 
80 
68 
90 

65 

Tarzian, Inc., Sarkes (Tuner Service Div.) 6 
Texas Crystals (Div. of Whitehall Electronics 

Corp.) 78 
Triplett Electrical Instrument Company 

Second Cover 
United Radio Co. 95 

Warren Electronic Components 92 
Winegard Co. 24-25 

Xcelite, Inc. 12 

MARKET CENTER 92-95 
('hemtronics 
Edmund Scientific Corp. 
Spectrum Products Corp. 
TAB 

SCHOOL DIRECTORY 91 
American Institute of Engineering & Technology 
Grantham School of Electronics 
International Correspondence Schools 
Northrop College of Science & Engineering 
Fri -State College 
Valparaiso Technical Institute 
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AUDIO - HI-FI 

RENT STEREO TAPES -over 2,500 different -all 
major labels - free brochure. STEREO -PARTI, 
1616-R Terrace Way, Santa Rosa, Calif. 95404 

HI -Fl COMPONENTS, Tape Recorders, at guaran- 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two-year warranty. NO 
Catalog. Quotations Free. HI -FIDELITY CENTER, 
239R East 149th St., N.Y., N.Y. 10451 

ELECTRONIC ENGINEER undertakes the design 
of analog or digital computer for any requested 
purpose. Apply to: CONSTANDIN PAPAZISSI- 
MOU, Andoniadou Str. 1 Nea Smirni, Athens, 
Greece 

ELECTRONICS 
BARGAINS in Canadian Electronic equipment 
and surplus. Send $1.00 for giant catalogs. 
ETCO, Box 741, Dept. R, Montreal, Canada 

TAPE RECORDER SALE. Brand new, latest mod- PROFESSIONAL ELECTRONICS PROJECTS - els, $10.00 above cost. ARKAY SALES, 1028-E $1 up. Catalog 25¢. PARKS, Box 25565A, Seattle, Commonwealth Ave., Boston, Mass. 02215 Wash. 98125 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly soecials. CARSTON. 
1686-R Second Ave. N.Y.C. 10028 

STEREO TAPES. Save up to 60% (no member- 
ship fees, postpaid anywhere USA). Free 60 -page 
catalog. We discount batteries, recorders, tape 
accessories. Beware of slogans "not undersold," 
as the discount information you supply our com- 
petitor is usually reported to the factory. SAXI- 
TONE, 1776 Columbia Road, Washington, D. C. 
20009 

TAPEMATES makes available to you ALL 4. 
TRACK STEREO TAPES -ALL LABELS -post- 
paid to your door -at tremendous savings. For 
free brochure write TAPEMATES CLUB. 5727 
W. Jefferson Blvd., Los Angeles, Calif. 90016 

HI Fl Equipment At Dealer. Wholesale Cost. 
Catalog. MACALESTER CORPORATION, 355 Ma- 
calester, Saint Paul, Minnesota 55105 

McGEE RADIO COMPANY. Big 1966-1967 cata- 
log sent free. America's best values, hifi-am- 
plifiers-speakers-electronic parts. Send 
name, address and zip code number to McGEE 
RADIO COMPANY. 1901 McGee Street, Dept. 
RE, Kansas City, Missouri 64108 

HI-=IDELITY COMPONENTS, Ham Marine and 
Communication equipment at considerable sav- 
ings. If you want to save money write us for our 
low prices on all your needs. AIREX RADIO 
CORP., 132 (RE) Nassau St., New York, N.Y. 
10038 

5 ELECTRONICS BOOKS FOR $3.98. Guaranteed 
$16.50 Value. Grab bag of 5 Gernsback elec- 
tronics books on testing, test equipment, TV, 
radio, hi-fi, stereo, etc. Clearance of books 
which sell for as high as $4.50. Guaranteed 
retail value of $16.50. Retail prices clearly 
printed on covers. Send check or money order 
to: GRAB BAG DEPT. 47, Gernsback Library, 
Inc., 154 West 14th Street, New York, N.Y. 
10011. 

BUSINESS AIDS 
JUST STARTING IN TV SERVICE? Write for FREE 
32 PAGE CATALOG of Service Order books. 
invoices, job tickets, phone message books, 
statements and file systems. OELRICH PUBLI- 
CATIONS, 6556 W. Higgins, Chicago, III. 60656. 
New Hyde Park 5, N.Y. 

1,000 Business Cards, "Raised Letters" $3.95 
postpaid. Samples. ROUTH, 5717 Friendswood, 
Greensboro, N. C. 27409 

TELEVISION TROUBLESHOOTER answers all 
your service problems. Waste no time on book 
theory. Spot faults in minutes. Used by "pros" 
in repairing all makes and models. Write speci- 
fying black/white, or color. NATIONAL TECH- 
NICAL RESEARCH LABS, 6410 S. Westren 
Avenue, Whittier, Calif. 

BUSINESS 
OPPORTUNITIES 

INVENTIONS -IDEAS developed: Cash/Royalty 
sales. Member: UNITED STATES CHAMBER 
COMMERCE, Raymond Lee, 130-U W. 42nd, 
New York City 10036 

TUBES. "Oldies", latest. Lists free. STEINMETZ, 
7519 Maplewood, Hammond, Indiana 46324 

SURPLUS SEMICONDUCTORS and miniature electronic parts. Send 25f for catalog. ECD 
COMPANY, P.O. Box 1432, Plainfield, N. J. 07061 

TV CAMERA KITS for experimenters and indus- try. Expanded line includes monitors, vidicons, 
lenses, tripods, slow scan, etc. NEW 1967 cata- log, 10f. ATV RESEARCH, Box 396-R, So. Sioux City, Nebr. 68776 

UNIQUE RELAY to build variety of remote con- trols, model railroads, liquid level control, weather detector, burglar alarm, games, trick circuits. 20 design ideas included free. $3.95 prepaid. Dept. B, ALCO, Lawrence, Mass. 

"JAPANESE ELECTRONICS INDUSTRY" Monthly English Magazine. Sample $1 -Subscription 
$10. DEE, 10639 Riverside, North Hollywood, 
Calif. 91602 

RADIO & TV TUBES 33¢ each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217-E University, San Diego, California 92105 

UNUSUAL BARGAINS ... MANY U. S. GOVT SURPLUS 
GIANT WEATHER BALLOONS 

"Balls of fun" for kids, trams stoátpers 
eur (for 

stores, terrific for 
amneighborhood 

.s attiion. Great back yard fun. Exciting beach attrac- tion. Made of heavy duty neoprene. Inflate with vacuum cleaner or auto air hose: or locally available helium for high rise. Stock No. 60,568 EN (8' diam.) $2.00 Ppd. 
EXPERIMENTAL FUN WITH TESLA COIL 

Now perform spectacular experi- ments without wires as Nicola Tesla did 50 yrs. ago. Generator with roil. etc.. transmits extremely high frequency electromagnetic ra- diation (millions id cycles per sec. nd) - through space. Lights fluorescent tube 2 ft. away, ionizes gases. performs total of 21 fas- cinating e per I mont s. Incl. Neon Lamp, discharge electrode, 2 radi- ation antenna plates. Generates 
M000 

V. for 110 V. 60-C, AC. eas. 6" x 6". 
Stock No. 70.301 EH ..$44.00 Ppd. 

ELECTROSTATIC GENERATOR 
Volt potential -200.000, yet completely 
safe for classroinn experiments. Dem- 
onstrate lightningand how lightning 
rods s work: Si..St. Elmo's lire; repulsion of like charges: electrn-.static dust col- lections; the classic "hair-raising ef- fect:" many tither electric phenomena. 
Motor. 110 V, 00 -cycle- AC. Humidity 
range. O-ti0er.. Current, 1.5 to 2.5 rnieroamps. Aluminum base, frame and 
charge llector. Insulating column - unbreakable vinyl chloride plastic. HL 17". Di, 6:t.,". Full instructions on experiments and d are. 
Stock No. 70.264EH. ,.543.50 Ppd. 

Order by Stock No. Check or M. O. -Money -Back Guarantee. 
EDMUND SCIENTIFIC CO., Barrington, N. J. 08007 

CLIP AND MAIL COUPON TODAY 
SEND FOR FREE CATALOG "EH" 

mpletely new t;7 edition. New items, 
categories, Must; :,;tons. Dozens of elec- 
Irtcal and eleruomagnelic Parls. accesso - 

Enormous selection of Astronomical 
Telescopes. Microscopes, Binoculars, Ting. 
ailiers, Magnets. Prisms. Many 
war surplus items: tor hobbyists. experi- 
menters, workshop, factory- Mail coupon 
fur catalog"EH". 

NAME 

ADDRESS 

CITY STATE ZIP 

Circle 144 on reader's service card 

Silicon Power Rectifiers 

PRV 3A 20A I 40A 
100 .10 .40 1.00 
200 .20 .60 1.50 
400 .25 .80 2.00 
600 .35 1.20 2.50 
800 .45 1.50 3.00 
1000 .65 3.50 

240A Rectifiers 

PRV 
100 i 5.00 
200 7.00 
400 I 12.00 
600 

I 
20.00 

1000 135.00 

Top Hat & 
Epoxy 750 MA 

PRV 
100 
200 
400 
600 
800 
1000 
1200 
1400 
1600 
1800 

.07 
.09 
.12 
.20 
.25 
.50 
.65 
.85 
1.00 
1.20 

Silicon Control Rectifiers 

PRV 
I 

7A 120A PRVI 7A 120A 
50 I 

.501 .80 50012.80:3.50 
1001 .7011.35 60013.001 
2001 1.0511.90 700 13.50 ! 

30011.6012.45 1000'5.001 
40012.1012.85 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. 
Include Postage, Average Wt. 
per package 1/2 Ib. Allow for 
C.O.D. Minimum Order $3.00 

LÓ -V-3' 
D É E Send For Our Latest Catalog 

ALL OUR TRANSISTORS & REC- 
TIFIERS ARE GUARANTEED TO 
WORK. 

All transistors are checked for 
minimum voltage & gain to insure 
our customers a good transistor 
within the category we advertise. 
All rectifiers costing over $.10 
checked for forward voltage & 
leakage as well as PRV. The gates 
on our SCR's are also checked. 
All nonoperable units will be re- 
funded or exchanged immediately. 

Users of the above mentioned 
items in large quantities send us 
your specifications. We feel we 
can meet them at a competitive 
price. 

Integrated circuits 
are now available 

JK FLIP FLOPS $1.15 
DUAL NAND NOR GATES $1.00 
SR CLOCKED FLIP FLOPS .$1.15 
SRT FLIP FLOPS $1.15 
EXPANDABLE OR GATES $1.00 

Guaranteed to work 
T0.85 flat pack 

They come complete with 
schematic, elect. characteristic 
sheet. + some typical applica- 
tions. $9.00-$15.00. From original 
manuf. 

We have other I.C.'s in these 
series available. Send requests. 

"N" Channel FET'S SIM. to 
2N3088 Used As Amp, Switch, 

Chopper -Very High Input Z Each 
$1.50 

SIM. to 2N1640 (PNP) 8i -direc- 
tional transistors. A TO -5 silicon 

unit in which collector & emitter 
are interchangeable. Ea. $.75 

POST OFFICE BOX 74 D 

SOMERVILLE, MASS. 02143 

SIM. to 2N728. A high fre- 
quency T0-18 unit extending to 

the UHF range 3/$1.00 
SIM. to 2N1648 (NPN) high 
voltage 40 Watt silicon unit, 

used in power output stages & 
power transistor drivers $ 75 

GLASS DIODES color coded. 
Silicon 20/$1.00 

6E 30/$1.00 
SIM. to 2N995 (PNP). Silicon - in T0-18 case. 500 MW power, 

to 180 MHz frequency 3/$1.00 
SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

$.75 
10 WATT ZENERS. 2-180V. 
State desired voltages Ea. $.75 

L] SILICON BILATERAL SWITCH. 
Replaces two SCR's by firing in 

either direction when breakdown 
voltage is exceeded. Used in light 
dimmers, etc. $.75 ea. 

GaAs VARACTORS, sim. to AP - - 1, AP -6, etc. 70 GHz at 150 
MW. Ea. $4.00 

NPN DUAL TRANSISTORS. A 
1-1 T0-5 package (2N2060) con- 
taining 2 high -gain 100 MHz silicon 
transistors $1.50 

PNP DUAL TRANSISTORS. A 
TO -5 package (2N2807) contain- 

ing 2 high -gain 100 MHz PNP tran- 
sistors $1.50 

HIGH -VOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

TO -66 pack 

HIGH -VOLTAGE ASSEMBLIES, 
6000V at 150 ma. 

These silicon units may be put in 
series to achieve higher volts. $1.50 

DUAL 20 0F at 350 V 
Electrolytics 3/$1.00 
28-101 P CERAMIC 
TRIMMERS 6/$1.00 

Name 

Address 

City State 
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Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

MARKET 
CENTER 

TRANSISTORS -DIODES - Components. Large 
selection. Write for FREE catalogue. ELEC- 
TRONIC COMPONENTS CO. Box 29028, Baton 
Rouge, La. 70821 

FREE CATALOG -Loads of electronic bargains. 
R.W. ELECTRONICS, INC., 2244 So. Michigan 
Ave., Chicago, Illinois 60616 

"TAB" SILICON ONE -AMP DIODES 
Full Leads Factory Tested & Gtd! U.S.A. Mfg 

Pie/Rms 
50/35 

Piv Rms 
300/70 

Pin/Rms 
200/140 

Pin/Rms 
300/210 

.OS .07 .10 .12 
400/280 600/420 ' 

_ 
800X560 900/630 

.14 .21 .30 .40 
1000/700 1100/770 1700 1000 24O0í1680 

.SO .70 1.20 2.00 
All te.nto AC & DC & FWD & LOAD! 
11700Piv/1200Rms , 750M4 $1.20+ , 10 for $10 

2400Piv/ 1680Rms 750Ma $2 ( 6 for $11 

SILICON POWER DIODES - STUDS & P.F.** 
D.C. 

Amps 
50 Ply 

35 Rms 
100 Pic 
70 Rom 

200 P,v 300 Piv 
140 Rms 210 Rms 

12 18 .25 .50 .75 .90 
.75 1.00 

45 
160 

.20 

.80 
1.60 

.30 
1.20 
2.90 

1.40 1.90 
3.50 I 4 S0 

240 3.75 4.75 7.75 I 10.45 

"TAB" TERMS: Money Back Guarantee 
Our 22nd Year. $2 Min. 
Add Shipping Charges 

III CD LIBERTY ST., N. Y. 5, N. Y. 
Send 25!' rm,r,.: Ill/ei .r 2-6245 for Catalog 

"CRYSTAL EXPERIMENTER'S" Handbook -500. 
Catalog. LABORATORIES, 12041-B Sheridan, 
Garden Grove, Calif. 92640 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters -Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501 

FREE Catalog. Electronic parts, tubes. Whole- 
sale. Thousands of items. Unbeatable prices. 
ARCTURUS ELECTRONICS RE, 502-22 St., Union 
City, N. J. 07087 

TV CAMERAS, converters, etc. Lowest factory 
prices. Catalog 10g. VANGUARD, 196-23 Ja- 
maica Ave., Hollis, N.Y. 11423 

5 ELECTRONICS BOOKS FOR $3.98. Guaranteed 
$16.50 Value. Grab bag of 5 Gernsback elec- 
tronics books on testing, test equipment, TV, 
radio, hi-fi, stereo, etc. Clearance of books 
which sell for as high as $4.50. Guaranteed 
retail value of $16.50. Retail prices clearly 
printed on covers. Send check or money order 
to: GRAB BAG DEPT. 47, Gernsback Library, 
Inc., 154 West 14th Street, New York, N.Y. 
10011. 

FREE CATALOG of 200 special slide rules and 
calculating aids. DYNA-SLIDE, 1566 Sherman 
Ave., Evanston, Illinois 60201 

JAPAN & HONG KONG Electronics Directory. 
Products, components, supplies. 50 firms -just 
$1.00. IPPANO KAISHA LTD., Box 6266, Spo- 
kane, Washington 99207 

MESHNA'S TRANSISTORIZED CONVERTER KOT 
$5.00 converts car radio to receive 30-50mH or 
100-200mH (one MHz tuning). RON MESHNA, 
No. Reading, Mass. 01864 

28 CIRCUITS build: liquid -level control, burglar 
alarm, weather detector, trick circuits, fire 
alarm, etc. Booklet and special relay $3.95 pre- 
paid. ALCO, Dept. B, Lawrence, Mass. 

GOVERNMENT 
SURPLUS 

72 page illustrated Government Surplus Radio, 
Gadgeteers Catalog 25g. MESHNA, Nahant, 
Mass. 

EDUCATION/ 
INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING. New 
home study course covering all makes elec- 
tronic organ including transistors. Experimental 
kits -schematics -trouble -shooting. Accredited 
NHSC-GI Approved. Write for free booklet. 
NILES BRYANT SCHOOL, 3631 Stockton Blvd., 
Dept. F. Sacramento 20, Calif. 

RENr 
SAMS 

PHOTO FACTS 

1311 Mai! 
TV FOLDER 112.5 

RADIONIFI `lam 

1. Send set description and all 
numbers you can find. Be sure 
to include make and model of 
set. Send $3.00 deposit. 

2. Keep folder 5 days, copy in- 
formation you require then return 
the folder to Cornell in the same 
condition received, 

3. Immediately upon return of 
folder you will receive $1.75 re- 

fund on Radio/hifi folder or 
$1.50 refund. on TV folder (de- 
posit less rental and .25 ship- 
ping). 

CORNELL 

100 TUBES OR MORE 

30c 
PER TUBE 

mar TUBE 
CARTONS 

I 

NIGH GLOSS 
CLAY COATED, !nL i ,nn m, 

nue, 

PRICL 

REIM 
ranls3 

3.49 
5.29 

T 

TUBES 
1111.OIJA1t ti ii1' J) 
Mutual Conductance Tao -testa Individually 

Boxed. Branded and Code Dated. Tubes 
are new, or used and so marked. 

OZ4 
1B3 
113/1K3 
1H5 
114 
114 
1U4 
IX2 
3 826 
3DG4 
504 
Sus 
5V4 
513 
6A6 
6A8 
6A84 
6AC7 
6AG5 
6AK5 
GALS 

6H6 6ÁN8 
6C6 615 6AQ5 6CB6 616 

Other tubes at low orices_ cen(' 

6A55 
6AT6 
6AT8 
6AU4 
6AU5 
6AU6 
6AV6 
6AW8 
6AX4 
6BA6 
6BC5 
6806 
6BG6 
6816 
68L7 
6BN4 
6BN6 
68Q6 
6BQ7 
6826 
6C4 

6C D6 
6CF6 
6CG7 
6cG8 
6CM7 

6K6 
6K7 
607 
654 

65A7 

6X4 
6X 8 

7A7 
7A8 
7B 

It not shipped in 24 hrs 
YOUR ORDER FREE! 
6CZ5 
606 
60A4 
6DE6 
6006 
6SA7 
61M5 
6F6 
6GH8 

6SH7 
6S)7 
6SK7 
6517 
6SN7 
6SQ7 
6SR7 
6U7 
61)8 
6V6 
6W4 
6W6 

12BF6 
I2BH7 
12816 
12BY7 
12C5 
12CA5 
12SN7 
12SQ7 
2516 
25Z6 
35W4 
35Z3 

5016 
24 
27 
77 
78 

84 '6Z4 
5687 
6350 
6463 
7044 

fnr free list 

7C5 
7147 
7Y4 
12AD6 
12AE6 
12AF6 
12AT7 
12AÚ7 
12AX7 
12BA6 
12806 
128E6 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

11,000 

@E 

SOBSTITOTES 

25 

CORNELL ELECTRONICS CO. 
Dept RE 4 4217 University Ave., San Diego , Calif. 9 2 I 0 5 

-w: _..,. 

TERMS: Add 3c per tube 
shipping. Orders under $5.00 
add 3c per tube shipping 
plus 50c handling. Canadian 
orders add approximate 

RADIO-TV 
TUBE TESTER 

6mi Kas 

sWc 
kgaltör ST." 
TEST ana REPAIR 
TV a RADIO SETS 
APPLIANCES 

postage. Send 25°b deposit 
on C . orders. No C.O.D. 
orders under $5.00 or to 
Canada. No 24 hr. tree offer 
on personal check orders 
5 -DAY MONEY BACK OFFER 

(No unit) horn this 
6AG5 6SN7 
6AQ5 6CB6 6S4 
6AU6 6J6 6W4 

NEW. EASY TO USE! 
COLOR TV_ 95 

DEGAUSSER"J - 
41) 

Fo,1' 

BARGAIN 
CORNER 

Cleaner .89 

Solder Iron 1.49 

Elec. Tape .89 

Silicon (pr.) .89 

Epoxy (pr.) .79 

Diode Kit .39 

Noise Fltr. .89 

Tube Saver 1.29 

Neon Tstr. .59 

Solder 59 

Ant. Cplr. 1.89 

Btry. Chgr. 4.95 

Tool Kit .69 

l'rr,al ie1' E.- .inrrr'.e.v my» your. 
rt.c nnECECTRONIC EXPER 

IOR CORNELL CUSTOMERS ONLY by 
Ipeoal er,ogeme, the Publ.rFer, Pete 

bo,gam, roe o.eloble 

COMPLETE RADIO SERVICING Ano 
9.. BASIC ELECTRONICS COURSE Mt 1300 

r 
V NEM PRACTICAL TV TRAINING COUPst 

ODOR 1350 

SEND FOR 

FREE CATALOG 
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FCC LICENSE in 6 weeks. First Class Radio Tele- 
phone Results Guaranteed. ELKINS RADIO 
SCHOOL, 2603E Inwood, Dallas. Tex. 

LEARN TECHNICAL WRITING -at home. High 
paying prestige careers not requiring college. 
Growing demand, all industries for tech writers 
now. Low monthly tuition. Easy to understand. 
FREE career book, sample lesson. APPROVED 
FOR VETERANS. AMERICAN TECHNICAL WRIT- 
ING SCHOOLS, Dept. REC-47, 5512 Hollywood 
Blvd., Hollywood, Calif. 90028 

BROADCASTING, Communications Electronics 
taught quickly -resident classes; correspond- 
ence. Free details. Write: Dept. 4, GRANTHAM 
SCHOOLS, 1505 N. Western, Hollywood. Calif. 
90027 

DON'T BUY TUBES!! 
IRAD9O or T.V.-XMITTING 
or SPECIAL-PURPOSE TYPES 

UNTIL YOU GET OUR PRICE LIST 
GUARANTEED TO BE THE 

LOWEST PRICES IN THE U.S.A. 
OVER 5000 TYPES -ALL 100% 

GUARANTEED BRAND NEW 

"WE'RE NEVER UNDERSOLD" 
SEND POST CARD FOR T.V. OR 

SPECIAL PURPOSE PRICE LIST 

ESTABLISHED 1920 

UNITED RADIO CO. 
56 FERRY ST., NEWARK, N.J, 

P.O. BOX 1000 - ZIP CODE - 07101 

REI First Class Radio Telephone License in (5) 
weeks Guaranteed. Tuition $295.00. Job place- 
ment free. RADIO ENGINEERING INSTITUTE, 
1336 Main Street, Sarasota, Fla. 

CORRESPONDENCE COURSES-B.Sc., Engi- 
neering, Electronics, Catalog $1. CANADIAN 
INSTITUTE OF SCIENCE & TECHNOLOGY, 263E 
Adelaide St. W., Toronto 

WANTED! TV -RADIOMEN to learn aircraft elec- 
tronics servicing. Numerous job openings every- 
where. Write: ACADEMY AVIONICS, Reno/Stead 
Airport. Reno, Nevada 

LEARN TV SERVICING. Simplest home study 
course. No previous knowledge needed. IF YOU 
CAN READ. YOU CAN "LEARN ELECTRONICS 
ON YOUR OWN" Money back guarantee. Write 
for descriptive literature. N. SIEGEL, 328 Sur- 
rey Drive, New Rochelle, New York 10804 

SLEEP LEARNING. Hypnotism! Tapes, records, 
books, equipment. Details, strange catalog 
FREE. RESEARCH ASSOCIATION, Box 24 -RD, 
Olympia, Wash. 

SERVICES 

Transistorized products dealers catalog. $1. 
INTERMARKET, CPO 1717, Tokyo, Japan. 

TECH MANUALS, BOUGHT AND SOLD on mili- 
tary surplus and civilian electronic equipment. 
BILLSLEP COMPANY, Drawer 178RE, Ellenton, 
Florida 33532 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or serv- 
ices): 60¢ per word - . - minimum 10 words - 

NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items): 30¢ per 
word . . . no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies, 
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 
ads not accepted. Copy for May issue must reach us before March 10th. 
WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to 
omit Zip Code if space does not permit.) Count each abbreviation, initial, single figure or 
group of figures or letters as a word. Symbols or groups such as 8-10, COD, AC, etc., count 
as one word- Hyphenated words count as two words. Minor over -wordage will be edited to 
match advance payment. 

CLASSIFIED ADVERTISING ORDER FORM 
For complete data concerning classified advertising please refer to box elsewhere in 
Market Center section. 

2 3 

6 

11 

16 

21 

26 

31 

7 8 

12 13 

17 18 

22 23 

27 28 

32 33 

.30 Non -Commercial Ratej 
No.otWords 

I@ -$ 
.60 Commercial Rate J 

Total Enclosed $ 
Payment must ac - 

In .,cet --time(s) company order un 
less placed 

SIGNATURE through accred- 
StarlArg with Issue ited advertising MAIL TO: RADIOELECTRONICS, CLASSIFIED AD 

agency 47 DEPT., 154 WEST 14TH ST., NEW YORK, N.Y. 10011 

4 5 

9 10 

14 15 

19 20 

24 25 

29 30 

34 35 

NAME 

ADDRESS 

CITY STATE TIP 

WORTH - -'-- ' Rectifiers 
BONUS Knobs 

#1 Condensers 
Co etc. 

Add 1St for haIs, ndling 

B ONUS =2 FREE 

$1 
FREE: YOUR CHOICE 
OF ANY $1 POLY PAK 
LISTED BELOW FREE 

BOTH FREE WITH $10 ORDERS 

r' 4 2N706 500MW, 300MC I -Amp SILICON RECTIFIERS PIVE 
50 

Sale Ply Sole PIV Sole « 600 100 El 7« 800 
Li 

8' 1400 69« 200 El 9t 1000 
11 

224 1600 89« 400 ii« 1200 59r 
Li 40; 1800 13 qye 

$1.98 
2000 

PIV 

New 

SI 

SILICON 
CONTROLLED 
RECTIFIERS 

3 7 16 25 PRV AMP AMP AMP AMP 

50 
100 [1 
200 
300 
400 H 
500 
600 

30 
50 
80 

1.05 
1.60 
2.10 
2.50 

48 
70 

1.05' 
1.60 
2.10 
2.80 

70 80 
1.051.20 
1.30 1.70 
1.90 2.20 
2.30 2.70 

3-"-03.301--.90 
3.00 

23.30 3 

MOST DPOPULAR $1 PARTS PAKS 
30 "YELLOW" MYLAR CONDENSERS, asstd val ri 60 CERAMIC CONDENSERS, discs, npo's, to .05 

[160 TUBULAR CONDENSERS, to .5mf, to 1Kv, east 
[i40 DISC CONDENSERS, 27mmf to .05mí to 1KV 

60 TUBE SOCKETS, receptacles, plugs, audio, etc. 
30 POWER RESISTORS, 5 to 50W. to 24 Kohms. L 65 HALF WATTERS, asst inch A.B., 5 % too! .. 

J 60 HI -Q RESISTORS, 2, I, 2W, 1 TI & 5 yo values 
i_J 10 VOLUME CONTROLS, to 1 meg, switch too! , 

_) 10 ELECTROLYTICS, to 500mf, east FP & tubolare 
-_ISO RADIO d TV KNOBS, asstd. colors & styles . 

SILICON POWER STUD RECTIFIERS 
AMPS 

3 
15 
35 

AMPS 
3 

15 
35 

Factor) 

Testet( 

400 PIV 
22f 
90e 

1.59 

50 PIV 
7« 

22e 
50e 

600 PIV 
31e 

1.35 
1.90 

100 PIV 200 PIV 
1 t 77e 

ill 
0e 75c 1.619 

800 PIV 1000 PIV 
40( 59e 

1.59 1.79 
A 2.50 2,95 

FACTEDTORY 

SEMI-KON-DUCTORS TES 

"N" Channel FET'S C-610 High Input Z $1.25 2=85 W 2N424 PLANAR, silicon, NPN SI 
4. 2N1613 2W. 1ooNil', T0411 case, non 

o 

$1 
5 2N107 TRANSIES, by GE.. ,nu, audio pal - $1 
3Q TRANSISTORS. rf,lf,.uulio silieun tao! Si 2 40W 2N1648 NPN SILICON MESA , , fl 10 CK722 PNP FAMOUS TRANSISTORS, - - , $1 25 GERMANIUM & SILICON DIODES, no test - $1 
25 TOP HAT RECTIFIERS. silicon. 73Oma. no test$1 10 2 -Amp RECT's, stud., silicon, t'.600 PIV S1 

SUBMINIATURE Div 200maIRECT 

N51St0 
RECTIFIERS $1.50 

1 AMP 
800 PIV// 

On1Y 

L1 4 for $i W; 
sub 

DC MICROAMMETERS 

- 

ZENERS 
I e I ,-WATT 45 
1 208 c1 I 0 10 WATTS .65 

rve Volts Volts Volte Volts 
ïaC- 5.4 18 43 100 \ , 6.4 20 47 110 

-- 8.0 22 51 120 

jit 9./(j 

24 58 130 
101 150 
12 30 B8 180 

--- 13 33 75 180 

Cj 3'4"`0-100 16 39 91 
200 

i® SPRING CATALOG aN: PARTS REC 
. TI FIERS TRANSISTORS SORS ZENERS 

TERMS: Send check. money order. 
P 

pi, y Ade postage-av5. wt -o Per Pak t Ih, Rat, d net 70 days- COD 25 T deposit. 

A K S 
P.O. BOX 942 R 

SO. LYNNFIELD, MASS. 
"PAK-KINO" of the world 

APRIL 1967 
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INTERNATIONAL FREQUENCY METERS 

4ned/òr s 
Equip your lab or service bench with the finest 

FM -5000 FREQUENCY METER 
25 MC to 470 MC 

The FM -5000 is a beat frequency measur- 
ing device incorporating a transistor 
counter circuit, low RF output for receiver 
checking, transmitter keying circuit, audio 
oscillator, self contained batteries, plug-in 
oscillators with heating circuits covering 
frequencies from 100 kc to 60 mc. Stability: 
± .00025% +85° to +95°F, ± .0005% +50° 
to +100°F, ±.001% +32° to +120°F. A 
separate oscillator (FO -2410) housing 24 
crystals and a heater circuit is available. 
Shipping weight: 18 lbs. 
FM -5000 with batteries, accessories, less 
oscillators and crystals. 
Cat. No. 620-103 $375.00 

Plug-in oscillators with crystals $20.00 to ;50.00 

C -12M FREQUENCY METER 
For Marine Band Servicing 

The C -12M is a portable secondary stan- 
dard for servicing radio transmitters and 
receivers in the 2 mc to 15 mc range. The 
meter has sockets for 24 crystals. Fre- 
quency stability is ±.0025% 32° to 125°F, 
±.0015% 50° to 100°F. The C -12M has a 

built-in transistorized frequency counter 
circuit, AM percentage modulation checker 
and modulation carrier and relative per- 
centage field strength. Shipping wt. 9 lbs. 
C -12M with PK (pick -off) box and connect- 
ing cable, batteries, but less crystals. 
Cat. No. 620-104 $235.00 

Crystals for C -12M (specify frequency) 
$7.00 to $10.00 

Model 7212 

FREQUENCY METER 
The International Model 7212 portable 
secondary frequency standard is a self 
contained unit designed for servicing radio 
transmitters and receivers used in the 400 
kc to 500 kc range (can be modified for 
other frequencies on special order). Fre- 
quency accuracy is ±.01% from 32°F to 
104°F (0°C to 40°C). The meter holds eight 
crystals. Features include the transistor- 
ized frequency oscillator and built-in 
battery charger. Shipping weight: 18 lbs. 
Model 7212 complete with crystals. 
Cat. No. 620-105 $575.00 

CRYSTAL CONTROLLED 

C-12 ALIGNMENT OSCILLATOR 
The International C-12 alignment oscillator 
provides a standard for alignment of IF 
and RF circuits 200 kc to 60 mc. It makes 
the 12 most used frequencies instantly 
available through 12 crystal positions 200 
kc to 15,000 kc. Special oscillators are 
available for use at the higher frequencies 
to 60 mc. Maximum output .6 volt. Power 
requirements: 115 vac. Shipping wt. 9 lbs. 
C-12 complete, but less crystals. 
Cat. No. 620-100 $ 69.50 

Write today for our 

FREE CATALOG 

Circle 148 on reader's service card 

Model 1110 SECONDARY 

FREQUENCY STANDARD 
The Model 1110 is an economy portable 
secondary standard for field or bench use 
with self contained battery. Using any 
general coverage communications receiver 
the unit provides the necessary standard 
signal for measuring frequencies. Easily 
calibrated against WWV to provide an 
accuracy of 1 x 106. Long term stability of 
±10 cycles over range 40°F to 100°F. All 
transistor circuits provide outputs at 1 mc, 
100 kc and 10 kc. Zero adjustment for 
oscillator on front panel. SHIPPING 
WEIGHT - 12 lbs. 
Model 1110 complete. 
Cat. No. 620-106 $125.00 

C -12B FREQUENCY METER 
For Citizens Band Servicing 

This extremely portable secondary fre- 
quency standard is a self contained unit 
for servicing radio transmitters and re- 
ceivers used in the 27 mc Citizens Band. 
The meter is capable of holding 24 crystals 
and comes with 23 crystals installed. The 
23 crystals cover Channel 1 through 23. 
The frequency stability of the C -12B is 
±.0025% 32° to 125°F, .0015% 50° to 
100°F. Other features include a transistor- 
ized frequency counter circuit, AM per- 
centage modulation checker and power 
output meter. Shipping weight: 9 lbs. 
C -12B with-PK (pick -off) box,, dummy load, 
connecting cable, crystals, batteries. 
Cat. No. 620-101 $300.00 

KEEPING YOU ON FREQUENCY IS OUR BUSINESS .. . 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
1B NO. LEE OKLA. CITY, OKLA. 73102 
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MALLORY Tips for Technicians INS 
New way to balance stereo systems 

AMPLIFIER S 

- + 2 

0 
O 1p 

BAL 

0 30 40 50 60 70 80 90 300 
PEA CENT POTATION 

If your stereo system has the usual independent volume 
controls for each channel, you've probably gone through 
all sorts of headaches getting right and left in just the 
right balance. And just when you've finally brought the 
whole works into perfect shape, somebody twiddles the 
knobs. So then you start all over again ... going back 
and forth between channels until everything comes out 
right. 

We have a tip that can add an extra touch of convenience 
to your set up. It's the new Mallory stereo balance 
control (BAL 8 and BAL 16). It's a pair of L pads on 
the same shaft, back-to-back ... or maybe head -to -toe 
describes it better. As you turn the shaft, one pad 
increases attenuation and the other decreases. They're 
both audio tapers, so that on each side of dead center 
you get a smooth, gradual change in attenuation with 
rotation; this makes fine adjustments of balance easier. 
The center point loss in both channels is only 5 db, 
which you'll never miss. 

How about remote speakers? You can hook up a Mallory 
LL pad right in the speaker enclosure in minutes, and 
get on -the -spot control that won't disturb your main 
speakers. You'll save yourself many a trip back to the 
amplifier location ... and this can be a real convenience 
when your remotes are in the recreation room or out on 
the porch. If you'd like to get a lower -cost control for 
inexpensive remote speakers, try the Mallory RR 50 
dual rheostat. 

Your Mallory Distributor is the one to see for audio 
controls ... from miniature MRL, MRT and MRLL 
pads up to the 50 -watt MGL and MGT types. Plus 
handsome new PPS1 push-pull switches. And for every- 
thing else you need in capacitors, resistors, batteries and 
semiconductors. See him for a copy of our new general 
catalog ... or write Mallory Distributor Products Com- 
pany, a division of P. R. Mallory & Co. Inc., Indianapolis, 
Indiana 46206. 

DON'T FORGET TO ASK 'EM ee4e czeeç 4 Av úí97" 
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\_.. SERv \GE 
RCAF\E..<:<,_ 

RCA Tv 
t::.h: LO ̀ v ERs 

1955 
1gó6 

Get RCA's new 
field service guide 

FREE with your purchase of 
RCA's receiving tube Color Pack'67! 

" 

r,_ 

When you buy the RCA Color Pack '67 from your local participat- 
ing RCA Tube Distributor, you get 21 popular RCA receiving 
tubes for color TV plus the new RCA Field Service Guide for the 
price of the tubes alone. 

The RCA Field Service Guide helps you perform all adjustments 
on an RCA color set that can be performed in the home with the 
aid of a color bar generator, including step by step procedure for 
replacing a color picture tube. 

WHAT THE GUIDE CONTAINS: 
Schematics on all RCA color sets for the last ten years 
Field service adjustments 
Parts lists 
Wave forms for majority of chassis 
Top and rear chassis views 
Photos of typical receivers 
Index of models from CTC2 through CTC20 
Convergence, purity and black and white setup adjustments 
Separate section on tuner schematics 

Three part index lets you look up the set you are working on by 
model number, name or chassis number. The RCA Field Service 

0 21 pppVNN RCA toc.b.k g tubo. for 00101 TV 
PLUS 

FREE 'mower RCA FIELD SERVICE GUIDE 
lb, RCA Caw TV Ro.Nore Irow IEEE 101880 

Guide will be your constant companion on house calls for RCA 
color sets. 

Each Color Pack '67 contains one each of these tube types: 

1V2 6BK4B 6EA8 6GH8A 
3A3A/3B2 6CB6A 6ENI7 6GU7 
6AQ5A 6CG8A 6EW6 6JU8A 
6AU4GTA 6DQ5 6FQ7;6CG7 6U8A 
6AW8A 6DW4B 6GF7A 12BH7A 

I2BY7A 

See your participating RCA Tube Distributor now. Order the RCA 
Color Pack '67 and get your copy of the Field Service Guide FREE! 

RCA Electronic Components and Devices, Harrison, N.J. 

THE MOST TRUSTED NAME IN ELECTRONICS 
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